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20.  ABSTRACT  (Continued) 

'^Depending  on  the  extent  of  concrete  deterioration,  conventional  techniques 
for  repair  of  deteriorated  concrete  surfaces  normally  require  the  removal  of 
about  1  ft  of  face  concrete,  placing  anchors  and  reinforcing  steel  mat,  and  re¬ 
placing  the  removed  concrete  with  new  high-quality  air-entrained  concrete.  This 
type  of  repair  is  very  expensive  and  can  put  a  lock  out  of  service  for  a  long 
period  of  time.  At  Lower  Monumental,  the  cost  of  conventional  repair  was  esti¬ 
mated  to  be  prohibitive,  and  the  lock  could  not  be  taken  out  of  service  for  more 
than  a  matter  of  weeks.  A  coating  was  needed  that  (a)  could  be  applied  in  a 
short  period  of  time,  (b)  might  prevent  continued  damage  from  freezing  and  thaw¬ 
ing,  and  (c)  would  be  permanent  under  the  adverse  service  conditions. 

Six  coatings  of  various  Portland  cement  and  fine  aggregate  mixtures  were 
pneumatically  applied  to  a  section  of  the  lock  wall  for  evaluation.  Each  was 
applied  at  a  thickness  of  approximately  3/8  in.  A  conventional  dry-mix 
shotcrete  was  used  as  the  control  material  and  was  compared  to  fiberglass  fiber- 
reinforced  mortar  applied  by  the  ''spray-up’  process  with  and  without  latex. 
Air-entraining  cement  mixtures  were  also  compared  to  nonair-entraining  mixtures. 

An  accurate  account  of  construction  equipment,  procedures,  and  production 
time  was  maintained,  and  "constructability"  by  these  methods  was  evaluated. 
Laboratory  evaluation  included  resistance  to  oils,  permeability  at  various  pres¬ 
sures,  absorption,  air-void  size  and  spacing,  resistance  to  freezing  and  thaw¬ 
ing,  tensile  and  flexural  strength,  and  impact  resistance.  The  latex-modified 
fiber-reinforced  material  had  essentially  no  permeability,  high  impact  resis¬ 
tance,  and  very  high  strength  and  suffered  no  damage  due  to  freezing  and  thaw¬ 
ing.  Total  coating  of  the  interior  lock  wall  with  this  mixture  was  performed 
in  March  1980. 
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This  report  was  prepared  by  the  U.  S.  Army  Engineer  District, 

Walla  Walla.  The  publication  of  this  report  was  funded  as  part  of 
Civil  Works  Investigation  Studies  (CWIS)  Work  Unit  31553,  "Maintenance 
and  Preservation  of  Civil  Works  Structures." 

This  report  discusses  surface  deterioration  and  repairs  of  con¬ 
crete  in  the  Lower  Monumental  Lock  on  the  Snake  River  in  Washington.  It 
includes  discussion  of  laboratory  studies,  testing,  construction,  and 
field  evaluation  of  the  original  concrete  and  of  the  various  cementi¬ 
tious  coatings  used  for  repairs. 

Initial  laboratory  investigations  began  in  1975.  A  full-scale 
field  demonstration  of  the  repair  procedure  was  performed  in  1979.  The 
complete  repair  was  accomplished  under  contract  in  1980. 

The  lock  is  operated  and  maintained  by  the  Walla  Walla  District. 
Colonels  Allaire  and  Thayer  were  District  Engineers  during  the  majority 
of  this  work.  Mr.  Ernest  K.  Schrader,  Foundations  and  Materials  Branch, 
was  principal  engineer  for  the  project  and  wrote  this  report.  Labora¬ 
tory  work  was  done  at  the  Corps'  North  Pacific  Division  Laboratory  at 
Troutdale,  Oreg.,  under  the  direction  of  Messrs.  Orville  Borge,  Director, 
and  James  Paxton,  Concrete  Branch  Chief. 

Director  of  WES  during  the  preparation  of  this  report  was  COL  N.  P. 
Conover,  CE.  Technical  Director  was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  INCH-POUND  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


Inch-pound  units  of  measurement  used  in  this  report  can  be  converted  to 


metric  (SI)  units  as  follows: 

Multiply 

By 

To  Obtain 

cubic  feet 

0.3048 

cubic  metres 

cubic  yards 

0.764555 

cubic  metres 

feet 

0.3048 

metres 

inches 

25.4 

millimetres 

miles  (U.  S.  statute) 

1 . 609344 

kilometres 

ounces  (mass) 

0.028635 

kilograms 

pounds  (force) 

4.448222 

newtons 

pounds  (force)  per  square  inch 

0.006894757 

megapascals 

pounds  (mass) 

0.45359237 

kilograms 

pounds  (mass)  per  cubic  foot 

16.018463 

kilograms  per  cubic  metre 

square  feet 

0.09290304 

square  metres 

DETERIORATION  AND  REPAIR  OF  CONCRETE 
IN  THE  LOWER  MONUMENTAL  NAVIGATION  LOCK  WALL 


SECTION  I  -  PROJECT  DESCRIPTION 


Lower  Monumental  Lock  and  Dam  is  a  S230-minion  (1961  dollars) 
project  located  on  the  Snake  River  about  40  miles*  from  Pasco,  WA 
(Plates  1  and  2).  Initial  construction  began  in  1961  and  the  project 
was  put  in  operation  in  1970.  The  dam  consists  of  a  concrete  gravity 
structure,  a  six-bay  powerhouse,  and  earthfill  embankments  (Plates  2 
and  3).  It  has  a  total  length  of  3800  ft  and  an  effective  head  of 
103  ft.  Included  between  the  powerhouse  and  south  embankment  is  a  navi¬ 
gation  lock  for  passage  of  pleasure  craft  and  commercial  barges.  The 
lock  chamber  has  clear  dimensions  of  86  by  675  ft  and  a  lift  height  of 
103  ft. 

The  lock  is  one  of  the  links  in  the  inland  waterway  from  the 
Pacific  coast  through  Portland,  OR,  to  Lewiston,  ID,  along  the  Columbia 
and  Snake  Rivers.  Because  there  are  no  alternate  waterways  or  lock, 
the  transportation  system  stops  if  the  lock  is  taken  out  of  service  for 
repai rs . 

The  environment  at  Lower  Monumental  is  harsh  from  the  standpoint 
of  concrete  durability.  The  region  does  not  have  extreme  winters  where 
the  temperature  drops  below  freezing  and  remains  there.  Instead,  the 
concrete  is  exposed  to  many  alternate  freezing  and  thawing  cycles.  This 
exposure  is  exaggerated  at  the  lock  where  each  lockage  can  cause  a  cycle 
when  the  water  is  just  above  freezing  and  the  air  temperature  is  below 
freezing.  Temperature  data  for  each  month  based  on  every  other  year 
since  the  project  became  operational  are  given  in  Exhibit  1.  The  range 
between  highest  and  lowest  temperature  goes  from  12°  Fahrenheit  to 
111°  Fahrenheit.  Cycles  of  freezing  and  thawing  based  on  daily  ambient 

*  A  table  of  factors  for  converting  inch-pound  units  of  measurement  to 
metric  (SI)  units  is  presented  on  page  iv. 
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temperature  changes  (a  conservative  estimate  of  total  freeze- thaw  cycles) 
is  also  given  in  Exhibit  1.  The  average  is  64  cycles  per  year.  Lock 
usage  shown  in  Exhibit  1  indicates  about  475  commercial  lockages  during 
the  months  of  freezing  weather  each  year.  Currently,  about  1400  commer¬ 
cial  lockages  occur  each  year  and  an  estimated  12,000  commercial  lock¬ 
ages  have  occurred  since  the  project  became  operational. 
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SECTION  II  -  CONCRETE  DETERIORATION 


Deterioration  of  concrete  in  navigation  lock  walls  has  caused 
serious  maintenance,  aesthetic,  operational,  and  safety  problems  at  a 
number  of  structures.  Most  of  these  are  older  structures  built  40  or 
50  years  ago  along  the  Mississippi  River  system  and  its  tributaries, 
but  Lower  Monumental  lock  is  a  new  structure  which  has  the  same  problem. 
It  is  an  irreversible  condition  for  which  conventional  repairs  are  ex¬ 
pensive.  At  Lower  Monumental  safety  is  of  particular  concern  because 
of  the  very  high  (103-ft)  lift.  If  a  loose  piece  of  aggregate  fell  from 
the  upper  portion  of  the  lock  onto  a  pleasure  craft  or  an  individual, 
serious  damage,  injury,  or  death  could  result. 

Deterioration  of  concrete  at  navigation  locks  is  typically  the 
result  of  an  improper  air-void  system  in  the  concrete  and,  consequently, 
low  resistance  to  damage  by  freezing  and  thawing.  Repeated  saturation 
of  the  wall  surface  due  to  filling  and  emptying  a  lock,  coupled  with  the 
many  cycles  of  freezing  and  thawing,  progressively  cause  damage  to  the 
mortar  portion  of  the  concrete.  For  two  reasons,  the  extent  of  freezing 
and  thawing  cycling  and  degree  of  damage  are  much  worse  for  a  lock  cham¬ 
ber  surface  than  would  otherwise  be  the  case.  First,  not  only  is  a 
source  of  water  always  present  to  provide  an  approach  to  critical  satu¬ 
ration,  but  pressure  from  water  in  the  lock  can  accelerate  the  rate  and 
depths  of  saturation.  Second,  when  the  ambient  temperature  stays  below 
freezing  and  is  not  going  through  damaging  freezing  and  thawing  cycles, 
concrete  in  the  lock  chamber  may  be  repeatedly  frozen  and  thawed  by 
alternately  being  subjected  to  river  water  just  above  freezing  and  the 
air  temperature  below  freezing.  In  a  high  lock,  the  freezing  point  of 
water  absorbed  in  the  concrete  can  even  change  due  to  hydrostatic  pres¬ 
sures  from  filling  the  lock. 

The  reason  for  an  improper  air-void  system  usually  is  that  a  struc¬ 
ture  was  built  many  years  ago,  before  the  benefits  of  entrained  air  were 
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appreciated,  and  it  simply  was  not  required.  At  Lower  Monumental  lock 
the  reasons  were  different.  Aggregates  for  the  concrete  were  natural 
materials  screened  from  river  deposits.  During  construction,  it  was 
necessary  to  use  an  unusually  high  dosage  of  air-entraining  admixture 
in  order  to  stay  above  the  acceptable  lower  limit  of  required  air  con¬ 
tent.  It  was  checked  at  the  time  of  batching  and  before  placement. 
However,  analysis  of  hardened  concrete  from  the  lock  indicated  that  the 
actual  air  content  was  less  than  required  and  that  the  concrete  had  very 
low  resistance  to  freezing  and  thawing.  Exhibit  2  contains  the  results 
of  those  tests  showing  an  overall  average  DFE  of  49.  Exhibit  3  contains 
results  of  air  content  determinations  showing  only  1.6  average  en¬ 
trained  air. 

Because  job  records  did  not  agree  with  the  results  of  tests  on  the 
in-place  concrete,  leftover  aggregates  from  original  construction  stock¬ 
piles  were  uncovered  and  screened  to  what  records  showed  was  used  during 
construction.  Air  contents  immediately  after  mixing  the  concrete  were 
checked  and  found  to  be  acceptable.  Workability  of  the  concrete  at  that 
time  was  considered  to  be  good.  This  represents  the  condition  when 
slump  and  air  content  tests  would  have  been  made  on  the  project  at  the 
batch  plant.  The  laboratory  mixture  was  then  rehandled,  allowed  to  sit 
for  30  m,  and  vibrated  to  simulate  hauling  and  placing.  Exhibit  3 
contains  the  results  of  these  tests  (NOTE;  The  data  for  Mix  386-9  were 
erroneously  typed  for  Mix  386-18  in  the  report,  page  3,  of  Exhibit  3, 
and  the  data  for  Mix  386-18  were  erroneously  typed  for  Mix  386-9).  The 
workability  changed  drastically  in  this  30-m  time  delay.  The  mixture 
lost  slump,  stiffened,  and  would  "post  hole"  when  vibrated.  The  total 
air  content  for  the  fraction  of  the  mixture  passing  the  19.0-mm  (3/4-in.) 
sieve  dropped  from  6.5  percent  to  5.3  percent.  Analysis  of  hardened 
samples  of  the  concrete  showed  that  this  change  consisted  of  a  0.2"  in¬ 
crease  in  entrapped  air  with  a  1.4"'  decrease  in  entrained  air.  Beams 
made  immediately  after  mixing  and  after  the  30-m  delay  both  had  good 
resistance  to  freezing  and  thawing,  with  a  DFE  of  87  for  the  delayed 
material  compared  to  90  for  the  specimens  made  immediately  after  mixing. 
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However,  the  amount  of  surface  relief  and  the  percent  weight  loss  was 
about  60":  greater  for  the  beams  cast  after  the  30-m  delay.  These  re¬ 
sults  indicate  that  during  construction,  the  air  content  immediately 
after  mixing  was  probably  acceptable,  but  by  the  time  the  mixture  had 
been  rehauled,  placed,  and  heavily  vibrated,  the  entrained  air  had 
dropped  significantly. 

The  premature  stiffening  problem  was  attributed  to  natural  fine 
aggregate  in  the  river-deposited  aggregate  source.  A  petrogrtiphic  analy¬ 
sis  of  it  is  included  in  Exhibit  3.  The  material  is  essentially  basalt 
with  some  granite,  quartz,  and  feldspar  and  about  6"'  of  it  consists  of 
porous,  absorptive,  or  friable  basalt  particles  and  silty  caliche.  Some 
of  the  basalt  contained  montmoril Ionite  clay  which  is  suspected  of  being 
the  cause  of  the  stiffening  problem.  It  was  not  a  dust  coating  of  clay 
that  could  be  washed  off,  but  was  contained  within  the  smaller  particles. 
For  subsequent  concrete  operations  after  the  lock  and  south  shore  work 
was  completed,  all  fine  aggregate  was  manufactured  from  material  re¬ 
tained  on  the  9.5-mm  (3/8-in.)  sieve.  This  eliminated  the  stiffening 
problem  and  resulted  in  concrete  that  has  held  up  very  well  to  natural 
weathering. 

A  complete  explanation  of  factors  that  affected  the  air-void  sys¬ 
tem  and  what  the  phenomenon  was  that  was  responsible  for  requiring  a 
very  high  initial  air-entraining  admixture  dosage  is  not  available. 

There  may  have  been  a  chemical  or  physical  breakdown  that  occurred  in 
the  mixture.  The  available  explanation  is  that  the  fine  aggregate,  pos¬ 
sibly  because  it  contained  montmorillonite,  caused  severe  stiffening  of 
the  mixture.  This  may  have  chemically  affected  the  air-entraining  capac¬ 
ity  of  the  concrete.  It  did  reduce  the  amount  of  available  water.  Ex¬ 
perience  has  shown  that  for  very  dry,  no-slump  mixtures,  it  is  difficult 
or  impossible  to  obtain  an  effective  air-void  system.  The  very  stiff 
condition  of  the  mixture  necessitated  considerably  more  vibration  during 
placement  than  is  normal,  and  this  may  also  have  contributed  to  a  reduc¬ 
tion  in  effective  entrained  air,  although  it  should  not  have  done  so. 
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SECTION  III  -  REPAIR  METHOD  POSSIBILITIES 


AND  INITIAL  LABORATORY  STUDIES 


Concrete  deterioration  at  Lower  Monumental  was  evident  after 
several  years  of  operation.  It  progressed  through  the  next  few  years  to 
the  point  where  it  became  obvious  that  repairs  would  be  necessary.  The 
lower  areas  of  the  lock  chamber  had  the  worst  damage  with  75-mm  to  150-mm 
(3-  to  6-in.)  aggregate  fully  exposed  after  about  eight  years  of  service. 
In  addition  to  repairing  the  badly  damaged  areas,  a  treatment  was  needed 
that  would  prevent  further  deterioration  of  those  areas  not  yet  damaged 
to  the  point  of  needing  repair. 

A  conservative  approach  to  repairs  would  have  followed  a  procedure 
similar  to  that  used  or  proposed  at  other  navigation  locks  such  as  those 
in  the  Ohio  and  Mississippi  River  systems.  This  consists  of  removing 
about  the  first  foot  of  face  concrete  and  replacing  it  with  high-quality 
air-entrained  new  concrete  conventionally  reinforced  with  steel  and  an¬ 
chored  to  the  existing  mass  with  grouted  bars.  The  cost  of  doing  this 
at  low  head  structures  would  be  very  high  and  the  repair  schedule  re¬ 
quires  long  periods  of  time  for  construction.  Even  worse  is  the  economic 
impact  caused  by  stopping  or  slowing  the  flow  of  barged  goods  during 
repairs.  At  Lower  Monumental  this  approach  to  repairs  would  be  exorbi¬ 
tant  from  the  standpoint  of  cost,  time,  and  shipping. 

The  Lower  Monumental  lock  is  one  of  the  largest  in  the  world  with 
a  lift  of  103  ft  and  draft  of  about  20  ft.  The  possibility  of  providing 
a  floating  cofferdam  or  caisson  which  would  span  one  monolith  at  a  time 
and  seal  to  the  lock  wall  to  allow  men  to  work  inside  of  it  while  the 
lock  remained  in  use  was  investigated.  This  would  have  allowed  repairs 
to  be  made  without  taking  the  lock  out  of  service.  Because  only  one 
monolith  could  be  worked  on  at  a  time,  the  project  would  stretch  out  for 
many  years.  The  caisson  would  be  supported  by  only  one  monolith  on 
each  side  of  the  monoliths  being  repaired.  A  hazardous  overload  would 
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be  transmitted  to  them  by  hydrostatic  pressure  against  the  caisson.  The 
caisson  would  have  to  be  designed  to  essentially  be  a  floating  steel  dam 
about  150  ft  high,  spanning  about  a  60-ft  width,  with  a  daily  fluctuating 
reservoir  of  103  ft.  The  design  would  have  called  for  an  expensive  and 
massive  steel  structure  too  heavy  and  unwieldy  to  handle  in  the  lock. 

It  would  have  had  to  seal  against  the  deteriorated  lock  wall  and  been 
deeply  anchored.  Because  the  caisson  would  protrude  out  into  the  lock 
chamber,  the  barges  which  typically  go  through  as  double-wide  rafts 
would  have  to  split  into  single-wide  rafts  and  make  two  trips.  For 
safety  reasons,  personnel  working  within  the  caisson  would  probably  be 
required  to  evacuate  during  each  lockage.  In  summary,  this  concept  for 
repair  was  not  feasible  from  the  standpoints  of  construction  time,  de¬ 
sign,  practicality,  and  safety. 

If  a  conventional  approach  taking  more  than  a  few  weeks'  lock 
outage  period  for  construction  were  used,  the  only  acceptable  way  to 
make  the  repairs  would  be  to  provide  transfer  facilities  around  the  lock. 
This  would  have  cost  an  estimated  $13  million,  and  it  would  not  have 
allowed  the  passage  of  pleasure  craft.  An  additional  cost  of  about 
$250,000  to  the  Government  to  maintain  the  lock  in  a  long-term  unwatered 
condition  would  have  been  incurred.  The  estimated  construction  cost  for 
conventional  "remove  and  replace"  repairs  at  Lower  Monumental  was 
$13  million  in  addition  to  the  $13  million  required  for  transfer  facili¬ 
ties,  for  a  $26  million  total  cost. 

A  faster  and  more  economical  method  of  repair  and  prevention  of 
further  deterioration  of  the  lock  walls  was  needed.  If,  after  proper 
surface  preparation,  a  protective  shotcrete  coating  could  be  applied  to 
the  existing  wall,  large  savings  in  time  and  material  would  result.  Any 
build-out  would  have  to  be  minimal  so  that  the  effective  lock  width 
would  not  be  reduced.  Areas  of  the  structure  where  severe  deterioration 
and  spalling  occurred  to  depths  ranging  from  several  inches  to  several 
feet  would  first  be  filled  with  concrete,  epoxy  mortar,  shotcrete  or 
other  patching  material.  The  surface  coating  would  then  be  applied  over 
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the  patch.  Smaller  patches  not  mechanically  anchored  would  be  held  in 
place  by  bond  and  by  the  strength  of  the  coating  covering  them.  A  pro¬ 
gram  was  undertaken  to  evaluate  six  different  variations  of  pneumatical ly 
applied  mortar  coatings.  In  order  to  be  successful ,  the  coating  would 
have  to  cure  rapidly,  bond  to  the  existing  wall,  be  resistant  to  wetting 
and  drying  and  freezing  and  thawing  cycles,  have  dimensional  stability, 
and  minimal  shrinkage  due  to  moisture  and  temperature  changes,  prevent 
the  penetration  of  water  through  it  even  at  heads  of  100  ft  while  still 
being  able  to  breathe  or  relieve  vapor  pressure  when  the  lock  is  empty, 
be  resistant  to  the  impact  of  barges,  have  acceptable  appearance,  be 
able  to  be  applied  at  temperatures  between  30°  and  90°  Fahrenheit  on  a 
surface  that  would  be  near  a  saturated  surface  dry  condition,  and  be 

practical  enough  to  apply  in  the  field  at  a  production  rate  of  about 
2 

10,000  ft  per  day.  A  material  meeting  these  prerequisites  was  not 
located. 

The  most  promising  idea  was  to  apply  a  shotcrete  that  would  con¬ 
tain  modifiers  which  could  enhance  its  qualities.  The  addition  of  fibers 
could  add  toughness,  resilience,  impact  resistance,  strain  capacity,  and 
other  desirable  properties.  Impermeability,  bond,  rapid  curing,  and 
minimal  shrinkage  could  be  provided  by  a  latex  modifier.  Portions  of 
concrete  from  the  lock  were  removed,  coated  with  a  3/8- in. -thick  fiber¬ 
glass  fiber-reinforced  latex-modified  mortar,  and  tested  to  see  if  this 
type  of  coating  did,  in  fact,  have  potential  for  repair  of  the  entire 
lock.  A  special  test  (Exhibit  4)  was  devised  to  simulate  actual  lockage 
conditions  during  freezing  and  thawing  cycles.  The  coated  concrete 
specimen  is  clamped  in  a  jig  that  seals  a  ponding  area  over  the  coating. 
Water  is  introduced  into  this  reservoir  and  air  pressure  is  applied  to 
develop  hydrostatic  pressures  similar  to  those  exerted  against  the  lock 
wall  during  a  lockage.  From  these  tests,  pressures  equivalent  to  heads 
of  0,  25,  50,  75,  and  100  ft  were  used.  One  beam  was  subjected  to  a 
standard  umpressurized  rapid  freezing  and  thawing  test.  After  each  thaw¬ 
ing  the  test  specimen  surface  was  flooded  and  subjected  to  the  specified 
pressure  simulating  a  lockage.  That  pressure  was  maintained  for  the 
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duration  of  a  lockage.  The  pressure  was  then  released  to  simulate  empty¬ 
ing  the  lock  and  the  specimen  was  refrozen.  After  freezing,  it  was 
thawed  and  the  cycle  was  repeated. 

At  first  the  results  were  disappointing  (Exhibit  4).  Resistance 
to  freezing  and  thawing  ranged  from  poor  to  excellent.  But,  investiga¬ 
tion  showed  that  the  mortar  coating  contained  latex  and  had  inadvertently 
not  been  allowed  to  air  dry  (proper  cure  for  a  latex-modified  mortar) 
before  being  tested.  This  resulted  in  the  poor  resistance  to  freezing 
and  thawing.  Because  the  test  specimens  failed  from  the  coating  surface 
down,  the  coating  did  protect  the  base  concrete  from  freezing  and  thaw¬ 
ing  damage.  It  was  concluded  that  the  system  would  work  if  the  coating 
itself  did  not  deteriorate.  It  was  also  thought  that  excellent  freezing 
and  thawing  resistance  could  be  achieved  if  the  coating  were  allowed  to 
air  dry  before  being  tested.  The  3/8-in-thick  mortar  coating  was  remade, 
both  with  and  without  latex.  Samples  of  the  coating  were  then  subjected 
to  standard  rapid  freezing  and  thawing  testing.  The  results  (Exhibit  4) 
confirmed  what  was  expected.  The  mortar  made  with  fiberglass  fibers  but 
no  latex  failed,  but  the  ones  which  contained  fiberglass  fibers  and  latex 
showed  no  damage.  Other  material  properties  were  also  very  favorable. 

The  coating  was  very  tough;  it  handled  well,  and  it  had  very  high 
ductility. 


SECTION  IV  -  FIELD  DEMONSTRATION 


MIXTURE  PROPORTIONS 

The  next  steps  in  evaluation  of  the  specialized  shotcrete  method 
of  repair  and  protection  were  to  demonstrate  its  field  practicality, 
thoroughly  test  the  material  properties  of  field-cast  panels,  and  ob¬ 
serve  the  field  performance  after  a  year's  exposure  to  actual  operational 
conditions.  A  field  test  was  performed  on  the  lock  wall  by  a  contractor 
under  fixed  bid  in  1979.  The  test  section  served  as  a  demonstration  area 
allowing  comparative  evaluation  of  the  performance  of  coatings  without 
latex  and  fiber,  without  latex  but  with  fiber,  and  with  both  latex  and 
fiber. 


The  question  had  also  been  raised  as  to  whether  a  pneumatically 
applied  mortar  coating  by  itself  would  have  sufficient  resistance  to 
freezing  and  thawing  if  it  contained  entrained  air.  A  search  was  made 
to  find  out  if  and  how  entrained  air  had  been  reliably  and  effectively 
introduced  into  pneumatically  applied  mortars.  Tne  results  showed  that 
this  had  been  attempted,  but  was  always  unsuccessful  in  both  the  wet  and 
dry  mix  process.  In  some  instances  oral  reports  were  received  that  this 
had  been  successfully  done  but  when  checked  further  there  never  was  an 
analysis  to  check  the  actual  air  content,  bubble  size,  bubble  spacing, 
or  actual  resistance  to  freezing  and  thawing  in  critically  saturated 
conditions.  It  seemed  possible  that  by  using  air-entraining  cement,  an 
effective  air-void  system  could  be  realized.  This  variable  was  therefore 
included  in  the  field  trial  mixtures  and  the  follow-up  laboratory  test¬ 
ing.  The  six  resulting  trial  mixtures  based  on  one-cubic-yard  batches 
are  shown  in  Table  I. 

The  mixtures  containing  fibers  required  a  very  high  cement  factor 
in  order  to  coat  all  of  the  fiber  surface  area  with  paste.  Each  factor 
is  composed  of  over  100  fine  filaments.  If  this  high  cement  factor  were 
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used  for  conventional  shotcrete,  failure  of  the  material  due  to  shrinkage 
and  volume  instability  would  have  been  expected.  In  the  glass-fiber  mix¬ 
ture,  the  fiber  composite  provides  high  strength  and  strain  capacity 
needed  so  that  shrinkage,  cracking,  and  failure  are  eliminated  or  mini¬ 
mized.  Hence,  a  marked  variation  in  cement  factor  between  the  trial  mix¬ 
tures  was  used. 

Typical  glass  fiber  mixtures  use  fiber  contents  about  double  the 
amounts  used  in  the  trials.  They  also  use  fibers  on  the  order  of  1/2 
to  1  in.  long  instead  of  4  in.  long.  For  the  lock  application  it  was  con¬ 
sidered  unnecessary  to  have  such  a  high  fiber  concentration.  It  was  also 
thought  that  the  longer  fiber  length  and  expected  lower  water-cement 
ratio  would  help  compensate  for  loss  of  material  properties  resulting 
from  less  fiber,  while  improving  dimensional  stability  under  thermal  and 
humidity  changes. 

Because  of  the  high  cement  content  and  method  of  application, 
water-cement  ratios  for  the  glass  fiber  mixture  without  latex  were  only 
about  0.36.  Because  the  latex  acts  as  a  fluidifier,  the  effective  water- 
cement  ratio  for  it  was  only  0.26  (which  includes  water  contained  in  the 
latex  solution).  The  latex  solids  were  about  15  percent  of  the  cement 
weight.  These  low  water-cement  ratios  were  one  more  reason  why  the  very 
rich  mixtures  did  not  exhibit  a  problem  with  shrinkage  and  dimensional 
stabi 1 i ty. 

It  should  be  pointed  out  that  the  saran-based  latex  used  was  se¬ 
lected  because  it  had  exhibited  the  best  initial  laboratory  strengths 
and  was  only  slightly  more  expensive  than  other  polymer  modifiers.  How¬ 
ever,  the  improvements  over  a  styrene  butadiene  latex  were  not  very 
great.  If  the  latex  were  to  be  used  over  steel,  with  steel  fibers,  or 
over  a  reinforced  concrete  section  with  little  cover,  another  latex 

would  have  been  selected,  since  the  one  selected  contains  chlorides  which 
might  result  in  attack  on  the  steel  and  damage  to  the  concrete. 
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APPLICATION 


The  navigation  lock  was  built  with  standard  construction  with  each 
wall  being  composed  of  16  monoliths  cast  in  place  next  to  each  other.  A 
vertical  joint  separates  each  monolith  from  the  next.  Concrete  for  each 
monolith  was  placed  in  5-ft-high  lifts.  The  lock  chamber  face  of  mono¬ 
lith  9  had  various  degrees  of  surface  deterioration  ranging  from  minimal 
at  the  top  to  severe  at  the  bottom.  It  was  divided  into  six  equal  10-ft- 
wide  strips  running  from  the  top  of  the  lock  down  to  tailwater.  Each 
strip  was  coated  with  one  of  the  trial  mixture  proportions. 

The  first,  and  perhaps  most  important  step,  was  preparation  of  the 
existing  surface.  Contract  specifications,  as  stated  below,  were  clear 
with  regard  to  what  was  to  be  accomplished  during  the  surface  preparation 
phase: 


"Prior  to  applying  any  of  the  shotcrete  coatings,  the  surface 
shall  be  prepared  by  removing  all  loose,  unsound,  and  friable 
material  and  by  removing  all  surface  contaminants  such  as 
dust,  silt,  old  curing  compound,  organic  growth,  etc.  The 
purpose  of  applying  the  coatings  is  to  prevent  continued  de¬ 
terioration  of  the  mortar  portion  of  the  concrete.  Due  to 
deterioration  that  has  occurred  to  date,  much  of  the  mortar 
is  very  poor,  crumbly,  and  friable.  All  of  this  unsound  mate¬ 
rial  shall  be  completely  removed  prior  to  application  of  coat¬ 
ing.  Any  cleaning  procedure  that  safely  and  thoroughly  per¬ 
forms  this  cleaning  without  undercutting  exposed  aggregate  will 
be  acceptable.  However,  the  procedure  used  will  be  subject  to 
the  approval  of  the  Contracting  Officer  after  field  demonstra¬ 
tion.  Some  possible  cleaning  procedures  are  high-pressure 
waterjets,  air-water  cutting,  sandblasting,  mechanical  brushes, 
or  a  combination  of  these  techniques...." 


Unfortunately,  the  surface  preparation  actually  provided  was  less 
than  desired.  A  water  wash  with  questionable  pressure  was  used  for 
cleanup.  In  some  areas  this  worked  satisfactorily,  but  in  other  areas 
the  surface  afterward  had  loose  friable  mortar  between  large  aggregate 
particles  which  could  easily  be  removed  by  hand  or  with  a  screwdriver. 
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As  unfortunately  is  the  case  in  many  construction  projects,  con¬ 
tract  administration  and  scheduling  problems  did  not  permit  proper  clean¬ 
up  of  all  areas  prior  to  application  of  the  new  materials.  The  effects 
of  this  will  be  discussed  later.  Aside  from  evaluation  of  the  various 
mixtures  used,  the  project  served  well  as  a  demonstration  of  the  impor¬ 
tance  of  obtaining  an  acceptable  surface  upon  which  to  apply  any 
shotcrete. 

In  all  of  the  mixtures,  materials  were  batched  and  blended  at  the 
top  of  the  lock  and  were  then  brought  to  the  work  platform  at  the  appli¬ 
cation  location.  Mixtures  1,  3,  and  4  were  applied  from  a  hanging  plat¬ 
form  of  limited  width  which  congested  working  conditions  and  did  not 
allow  the  nozzleman  to  follow  good  practice.  Mixtures  2,  5,  and  6  were 
applied  from  a  much  larger  floating  barge. 

The  conventional  dry-mix  shotcrete  used  a  typical  concrete  sand. 

The  thickness  was  built  out  in  a  single  layer.  Following  application  of 
the  mixture  the  contractor  applied  a  cement-rich  "flash  coat"  as  his 
standard  practice.  Unfortunately,  in  his  eagerness  to  do  a  good  job,  the 
contractor  over-built  the  thickness  and  added  the  flash  coat,  neither  of 
which  was  desired.  This  made  comparative  evaluation  and  some  of  the  in¬ 
formation  desired  on  thinner  coatings  more  difficult,  or  impossible  to 
attain.  The  work  crew  consisted  of  six  men.  Three  of  the  men  handled 
mixing  of  the  cement  and  sand;  one  man  was  at  the  nozzle,  and  one  man 
checked  the  depth  of  the  coating.  It  took  6  to  8  h  to  complete  the 
10-ft-wide,  115-ft-high  strips.  Rebound  was  estimated  at  15  to  17"'  by 
comparing  a  visual  determination  of  the  volume  of  rebound  collected  to 
the  volume  of  material  applied.  Shooting  was  done  with  an  experienced 
crew,  but  because  the  hanging  scaffold  from  which  the  nozzleman  worked 
was  only  a  few  feet  wide  and  close  to  the  wall,  it  was  impossible  to 
shoot  directly  at  the  wall  without  being  too  close  (Plate  4). 

The  glass-fiber-reinforced  materials  were  applied  using  the  stan¬ 
dard  "spray-up"  process  which  applies  a  wet  mixture  at  low  pressure. 
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while  the  fiberglass  fibers  are  chopped  and  blown  against  the  surface 
simultaneously  with  the  mortar.  The  thickness  of  material  applied  was 
only  about  1/8-in.  per  pass  and  the  surface  was  rolled  with  what  looks 
like  a  serrated  paint  roller  between  passes.  This  pressed  the  glass 
fibers  into  close  contact  with  the  mortar.  A  mat  of  material  resulted 
which  could  actually  be  lifted  off  in  sheets,  but  which  also  would  sag 
if  too  much  weight  was  added  too  fast. 

Because  the  spray-up  process  has  historically  used  a  fine  sand  for 
the  aggregate  (usually  20/30  pre-bagged  sand),  the  Government  contracting 
Officer  agreed  to  the  contractor's  request  to  switch  from  bulk  concrete 
sand  to  the  pre-bagged  finer  material.  At  the  end  of  the  job,  one  test 
panel  was  also  made  for  laboratory  evaluation  with  the  coarser  specified 
sand.  This  mixture  turned  out  to  work  well  in  the  spray-up  equipment, 
had  less  tendency  to  sag,  and  gave  the  best  results  in  all  laboratory 
tests. 


Problems  were  encountered  by  one  of  the  contractor's  less  experi¬ 
enced  crews  when  they  began  spraying  the  latex-modified  mortar  under 
ambient  temperatures  of  80°  F  and  higher.  The  material  would  thicken  or 
develop  lumps  and  plug  the  equipment.  The  second  work  crew  had  no  diffi¬ 
culty  with  the  material,  but  they  were  more  experienced,  used  a  conven¬ 
tional  mortar  mixer  rather  than  the  "high-shear"  mixer,  used  the  minimum 
hose  lengths  necessary,  and  followed  close  quality  control  procedures 
(accurate  weighing  of  batches,  pre-mixing  the  latex  solution,  use  of  the 
flow  cone  to  control  workability,  careful  measurement  of  the  anti  foaming 
agent,  etc.).  Instead  of  working  from  the  hanging  scaffold,  this  crew 
worked  from  a  floating  platform  with  adequate  room  (Plate  4).  As  work 
progressed  from  the  top  down,  the  platform  was  lowered  about  5  ft  at  a 
time  by  slowly  emptying  the  navigation  lock.  The  newly  exposed  surface 
which  had  previously  been  prepared  by  removing  loose  materials  was  blown 
dry  (SSD)  just  prior  to  applying  the  coatings.  Including  the  time  re¬ 
quired  for  all  of  the  incremental  lowerings  of  the  lock  and  for  blowing 
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the  surface  dry,  the  crew  was  able  to  achieve  an  overall  production  rate 
of  over  30  square  yards  per  hour.  The  work  crew  consisted  of  six  men. 
Rebound  was  estimated  less  than  five  percent. 

EVALUATION 

Evaluation  of  the  various  mixtures  and  application  procedures  con¬ 
sisted  of  three  basic  phases;  (1)  determining  the  practicality  and 
speed  of  application  of  the  coatings  using  construction  crews  under  true 
field  conditions;  (2)  extensive  laboratory  evaluation  of  test  panels 
made  and  cured  in  the  field;  and  (3)  evaluation  of  physical  performance 
of  the  in-place  material  after  one  full  year  of  service. 

The  field  applications  showed  that  with  experienced  crews  and 
proper  planning,  any  of  the  coating  materials  could  be  applied  at  a  rea¬ 
sonable  rate  under  difficult  field  conditions.  If  the  width  of  the  test 
panel  sections  had  been  greater,  the  rates  of  application  would  have  been 
much  greater.  The  field  work  also  showed  that  air-entraining  cement 
could  be  used  in  any  of  the  mixtures,  but  that  the  benefits,  as  discussed 
below,  are  doubtful.  From  a  practical  standpoint,  the  demonstration 
showed  that  the  latex  mixtures  had  a  natural  advantage  over  the  conven¬ 
tional  mixtures  because  their  use  permits  a  drying  period  instead  of 
moist  cure  after  application.  Good  moist  curing  or  properly  applied  and 
protected  curing  compound  is  typically  difficult  to  obtain  in  the  field, 
especially  on  a  job  like  this  one  where  men  are  working  below  and  adja¬ 
cent  to  a  100-ft-high  previously  applied  surface. 

Field  cast  specimens  lot  against  rigid  plywood  boards  were  re¬ 
moved  from  the  board  and  ti .mmed  to  a  thickness  of  5/16-in.  for  testing 
so  that  they  would  all  be  of  the  same  thickness.  This  allowed  more  ac¬ 
curate  comparison  of  data  and  duplicated  the  design,  thickness  for  fu¬ 
ture  work.  The  tabulated  results  of  laboratory  tests  are  given  in 
Tables  Il-a  and  Il-b. 
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TABLE  II a 

RESULTS  OF  LABORATORY  TESTING  STUDIES 
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TABLE  Ilb 

RESULTS  OF  LABORATORY  TESTING  STUDIES 
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Type  lA  cement  was  used  on  each  of  the  three  basic  formulations 
(no  latex-no  fiber,  no  latex-with  fiber,  with  latex-with  (fiber)  to  see 
if  controllable  and  effective  air  entrainment  could  be  accomplished. 

It  was  checked  "as  shot"  in  the  wet-mix  process  as  it  came  from  the 
nozzle.  This  could  not  be  done  for  the  dry-mix  process  because  of  the 
basic  equipment  and  process.  A  microscopic  examination  was  later  made 
from  samples  of  each  mixture  sawn  from  all  of  the  hardened  field  coatings 
after  cure.  The  only  mixture  which  had  sufficient  effective  air  bubbles 
(less  than  1-mm  in  size)  to  provide  some  resistance  to  freezing  and  thaw¬ 
ing  was  one  of  the  batches  made  with  latex  and  fibers.  However,  this 
one  test  result  is  suspicious.  It  does  not  agree  with  the  results  of 
other  batches  made  with  the  same  mixture  proportions  and  may  not  have  had 
the  correct  admixtures.  Also,  the  resistance  to  freezing  and  thawing 
obtained  with  this  material  probably  should  be  attributed  to  the  ii'iper- 
meability  provided  by  the  latex.  The  results  of  the  rapid  freezing  and 
thawing  test  on  hardened  material  samples  varied  considerably  for  differ¬ 
ent  samples  of  some  of  the  same  mixtures.  However,  the  data  do  posi¬ 
tively  show  that  latex  mixtures  without  entrained  air  can  give  extremely 
good  resistance  to  damage  by  freezing  and  thawing. 

Alternate  wetting  and  drying  and  freezing  and  thawing  cycle  test¬ 
ing  gave  results  similar  to  the  rapid  freezing  and  thawing  tests.  Wet¬ 
ting  was  done  by  soaking  the  samples  in  water  for  6  h  after  drying  them 
for  6  h  at  200°  F. 

Soaking  the  samples  in  petroleum  (kerosene)  had  no  significant 
effect. 

Specialized  tests  of  permeability  and  flow  were  performed  to  deter¬ 
mine  if  the  coatings  could  effectively  prevent  the  penetration  of  water 
under  various  pressure  heads  simulating  the  water  depths  of  the  lock. 
These  determinations  were  made  by  maintaining  a  constant  head  of  5,  50, 
and  100  ft  against  field-cast  test  specimen.  The  spray-up  materials. 
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with  and  without  latex,  performed  well.  Conventional  shotcrete  performed 
very  poorly.  The  latex  mixtures  with  fibers  had  essentially  no  flow  or 
permeability,  regardless  of  head. 

Unit  weights  of  the  different  mixtures  varied,  but,  in  general, 
conventional  shotcrete  had  the  greatest  unit  weight,  and  the  glass-fiber 
spray-up  materials  had  unit  weights  of  about  5  less. 

Absorption  for  the  conventional  shotcrete  was  slightly  less  than 
that  of  the  higher  cement  content  spray-up  coatings.  It  is  expected  that 
if  fiberglass  fibers  were  not  used  in  the  spray-up  mixtures,  the  absorp¬ 
tions  would  have  been  much  less.  Fiber  filaments  that  are  exposed  prob¬ 
ably  tend  to  act  like  a  wick,  absorbing  some  moisture. 

Flexural  strengths  were  determined  on  the  thin  coatings,  using  a 
specimen  2-1/2  in.  wide  and  12  in.  long.  A  10-in.  simple  span  with  third- 
point  loading  was  used.  Test  results  ranged  from  typical  values  for 
conventional  shotcrete  (890-psi  average),  to  very  high  strengths  for  the 
spray-up  materials  (3250-psi  maximum).  During  testing  the  spray-up 
specimens  deflected  as  much  as  3/4  in.  without  breaking  apart. 

Direct  tensile  strengths  were  also  run  on  thin  sections.  Results 
ranged  from  225  psi  for  conventional  shotcrete  to  1580  psi  for  spray-up 
material  with  latex. 

Impact  tests  were  performed  using  the  procedure  recommended  by  ACI 
Committee  544.^^  Basically,  this  test  consists  of  placing  a  hardened 
steel  ball  on  top  of  a  6-in. -diameter  disk  of  the  test  material,  and  im¬ 
pacting  the  ball  with  a  standard  10-lb  drop  hammer,  falling  18  in.  The 
number  of  blows  required  to  crack  the  test  specimen  and  the  number  of 
blows  required  to  spread  the  cracks  or  separate  the  test  specimen  were 

ACI  Committee  544,  "Measurement  of  Properties  of  Fiber-Reinforced 
Concrete,"  ACI  Journal,  July  1978. 
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recorded.  The  conventional  shotcrete  cracked  and  separated  at  one  blow 
of  the  test  apparatus.  The  spray-up  materials  with  fiber  typically  re¬ 
quired  nearly  a  hundred  blows  to  crack,  and  many  more  blows  to  separate 
the  crack.  The  glass  fiber  mixtures  with  latex  that  were  applied  by  the 
more  experienced  crew  never  failed. 

After  a  year  of  being  in  service,  the  condition  of  the  various 
coating  materials  on  the  lock  wall  were  closely  inspected.  Cores  were 
taken  in  typically  good  and  poor  areas  of  bond  for  each  type  of  coating. 
Plate  4  contains  a  photograph  of  typical  cores.  Following  are  observa¬ 
tions  of  the  condition  of  the  field  coatings  after  one  year  of  service. 
Although  only  one  year  of  service  had  been  experienced,  the  environment 
in  the  Lower  Monumental  area  subjected  the  coating  to  a  thorough  test. 
From  field  performance,  coupled  with  the  lab  data,  positive  conclusions 
can  be  made. 

Mixture  1:  Conventional  Shotcrete,  Type  III  Cement.  Hollow  (de- 
bonded)  areas  were  present  on  most  lift  sections.  The  sizes  of  the  de- 
bonded  areas  varied  considerably,  ranging  from  a  few  inches  in  diameter 
to  nearly  the  entire  lift  section.  A  number  of  fine  cracks  were  present 
Although  debonded  areas  and  fine  cracks  were  present,  the  coating  sur¬ 
face  itself  was  generally  sound,  with  essentially  no  change  in  appear¬ 
ance  (with  the  exception  of  fine  cracks)  from  the  previous  summer. 

Mixture  2:  Conventional  Shotcrete,  Type  I A  Cement.  The  fine 
cracks  evident  here  did  not  appear  to  be  as  numerous  as  in  Mixture  1. 
Also  there  appeared  to  be  fewer  hollow  areas  as  compared  to  Mixture  1. 

In  this  section,  a  large  crack  in  the  monolith  was  noted  during  applica¬ 
tion  of  the  coating.  This  crack  reflected  through  the  coating  as  one 
tight  crack,  with  no  spalling  around  it. 

Mixture  3:  Glass-Fiber-Reinforced  Shotcrete,  Type  I  Cement.  No 
fine  cracks  were  evident  in  this  section,  and  very  few  debonded  areas 
were  present.  It  should  be  noted  that  the  preparation  of  the  surfaces 
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prior  to  application  of  coatings  the  previous  summer  was  observed  to  be 
better  on  sections  where  Mixtures  3  and  4  were  applied,  as  compared  to 
the  other  four  sections.  The  observations  after  one  year  of  field  ser¬ 
vice  help  to  confirm  the  importance  of  good  surface  preparation.  The 
surface  of  this  coating  (and  that  of  Mixture  4)  showed  essentially  no 
change  in  appearance  from  the  previous  summer. 

Mixture  4:  Glass-Fiber-Reinforced  Shotcrete,  Type  lA  Cement.  A 
few  fine  cracks  were  noted  in  only  one  area.  The  overall  percentage  of 
debonded  areas  on  this  section  was  very  low. 

Mixture  5:  Shotcrete  Containing  Glass  Fibers  and  Latex,  Type  I 
Cement.  No  fine  cracks  were  evident  in  this  section.  No  hollow  (de¬ 
bonded)  areas  were  evident  on  the  upper  lifts.  However,  some  of  the 
lower  lift  sections  were  almost  completely  debonded.  After  one  year  of 
field  service,  this  section  (and  that  coated  with  Mixture  6)  were  not 
as  good  with  respect  to  bonding  to  the  substrate,  as  were  the  sections 
with  glass  fibers  alone.  However,  this  is  attributed  entirely  to  differ¬ 
ences  in  preparation  of  the  surfaces  prior  to  coating. 

Mixture  6:  Shotcrete  Containing  Glass  Fibers  and  Latex,  Type  lA 
Cement.  No  fine  cracks  were  observed  in  this  section.  No  debonded  areas 
were  evident  on  the  upper  lifts,  but  numerous  hollow  areas  were  present 
in  lower  lift  sections,  with  some  sections  having  completely  peeled-off 
in  large  sheets.  However,  immediately  next  to  some  of  the  peeled-off 
areas,  the  bond  of  the  coating  to  the  substrate  wab  excellent.  As  with 
all  other  sections,  the  surfaces  of  sections  coated  with  Mixtures  5  and 
6  showed  essentially  no  change  in  appearance  from  the  previous  summer. 

Results  of  Tests  on  Core  Samples:  Visual  examinations  of  cores 
indicated  that  hollow  sounding  areas  were,  in  fact,  delaminated,  and  the 
anticipated  well-bonded  zones  were  found  to  be  sound.  These  observations 
confirmed  that  the  debonding  failures  were  caused  by  improper  surface 
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preparation.  The  coatings  in  such  instances  were  found  to  be  bonded  to 
the  mortar  from  the  original  (unsound)  surface,  but  the  weak  surface 
mortar  had  peeled  away  from  the  rest  of  the  concrete,  thereby  causing 
the  fai lure  (Plate  4) . 

RECOMMENDATIONS  AND  CONCLUSIONS 

Based  on  laboratory  tests  and  field  trials,  the  following  conclu¬ 
sions  and  recommendations  were  made  in  1979. 

Coating  systems,  such  as  the  fiber-reinforced-latex-modified  sys¬ 
tem  should  be  extremely  effective  in  terms  of  time  and  cost  savings  when 
compared  to  the  alternative  of  removing  perhaps  1-1/2  ft  of  lock  wall 
concrete,  placing  anchor  bars  into  drilled  holes,  and  replacing  the  con¬ 
crete  with  new  concrete.  Based  on  combined  field  and  laboratory  evalua¬ 
tions,  a  contract  should  be  issued  to  coat  the  deteriorated  lock  wall 
surface  at  Lower  Monumental,  during  a  three-week  period,  with  a  thin 
sprayed-on  fiberglass  fiber-reinforced-latex-modified  coating. 

Laboratory  and  field  evaluation  of  sample  panels  indicated  that 
overall  the  best  performance  can  be  achieved  by  a  combination  of  glass 
fibers  and  latex,  followed  in  order  by  glass  fibers  alone  and  by  conven¬ 
tional  shotcrete.  The  superiority  of  the  latex  mix  is  especially  appar¬ 
ent  in  the  permeability,  flow,  and  freeze-thaw  tests.  These  also  were 
the  most  important  tests  for  the  lock  wall  use  of  the  material. 

Proper  surface  preparations  are  absolutely  essential  prior  to  ap¬ 
plying  and  coating. 

Air-entraining  cement  did  not  produce  adequate  entrained  air  in 
any  of  the  mixtures  used,  regardless  of  mixer  type  and  regardless  of 
whether  the  wet-mix  or  dry-mix  process  was  used. 
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In  determining  which  coating  materials  to  use  in  future  lock  wall 
repairs,  a  careful  cost/benefit  evaluation  should  be  made.  Based  on 
present  observations,  it  is  likely  that  conventional  shoL^rete  will  give 
a  few  to  several  years  of  good  service.  The  glass-fiber  and  glass-fiber- 
latex  coatings  will  give  better  service  for  successively  longer  periods 
of  time,  but  at  respectively  greater  initial  cost. 
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SECTION  V  -  REPAIR  CONTRACT 


Based  on  laboratory  tests  and  the  field  demonstration,  it  was 
decided  that  the  lock  could  and  should  be  repaired  by  coating  it  with 
the  latex-modified  fiberglass-reinforced  mortar.  As  early  work  pro¬ 
gressed  on  preparation  of  bidding  documents,  the  job  presented  a 
number  of  interesting  problems  and  questions.  Some  of  the  more  inter¬ 
esting  ones  were: 

1.  How  should  surface  preparation  be  specified  and  how  could  the 
Government  reliably  get  satisfactory  results? 

2.  How  could  the  understandability  high-risk  factor  that  contt ac¬ 
tors  would  apply  to  the  job  be  minimized? 

3.  Should  the  job  go  out  as  fixed  price  to  a  low  bidder,  should 
it  be  negotiated,  or  should  it  be  "cost-plus"? 

4.  Could  "sole  source"  materials  be  used? 

5.  Should  the  job  be  set  aside  for  small  businesses? 

6.  Since  there  could  be  no  time  extension,  how  would  partial  pay¬ 
ment  be  handled  if  the  job  was  only  parti^ly  completed? 

7.  What  prequal if ications  of  bidders  and  the  workmen  should  be 
required,  if  any? 

8.  How  should  the  technical  provisions  of  the  specifications  for 
which  there  were  no  guides  be  worded? 
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SURFACE  PREPARATION 


The  success  of  the  repairs  was  totally  dependent  upon  satisfactory 
surface  preparation.  No  matter  how  good  the  coating  itself  was,  it 
would  be  useless  if  it  did  not  bond  to  the  existing  wall.  During  the 
field  demonstration,  difficulties  were  encountered  in  getting  an  ac¬ 
ceptably  prepared  surface.  There  always  was  a  question  of  "how  clean 
is  clean."  The  contractor,  designer,  and  field  inspectors  all  had 
different  concepts  of  what  could  and  should  be  accomplished.  Results 
of  the  field  demonstration  clearly  showed  that  if  the  surface  is  not 
cleaned  of  all  loose,  unsound,  and  friable  materials,  the  coating  will 
become  loose  and  fail. 

Prior  to  preparing  the  bid  documents,  several  additional  surface 
cleaning  trials  were  made  under  purchase  order  and  time  and  materials 
arrangements  to  verify  that  with  properly  operating  and  used  high- 
pressure  water-jet  equipment,  the  surface  could  be  satisfactorily 
cleaned.  Sandblasting  equipment,  wire  brushes,  hand  chipping,  and 
air-operated  scabblers  were  also  tried  by  the  Government  designers. 
The  benefit  of  this  experience  was  passed  on  to  the  bidders  through  a 
prebid  conference,  discussion  on  the  technical  provisions  of  the  bid¬ 
ding  documents,  and  with  photographs  of  the  work  which  also  became  a 
part  of  the  bidding  documents.  Exhibit  5  contains  the  actual  bid  docu¬ 
ment  and  contract  wording  with  regard  to  surface  cleaning.  Plate  5 
contains  photographs  of  some  of  the  Government's  surface  cleaning 
experiences  which  were  also  part  of  the  bid  documents. 

There  is  no  device  or  test  which  could  be  used  to  measure  the 
degree  of  "clean"  necessary  and  actually  achieved.  It  was  totally  a 
judgmental  thing  based  on  a  description  expressed  in  the  bid  documents. 
This  caused  concern  among  the  Corps'  contract  administration  group  but 
was  an  unavoidable  situation.  In  actuality,  for  the  main  repair  con¬ 
tract  it  did  not  turn  out  to  be  a  problem.  The  situation  is  not  really 
any  different  than  occurs  when  preparing  lifts  of  mass  concrete  for 
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subsequent  placements  or  when  preparing  a  foundation  for  concrete  or 
earthfill.  Good  judgment  must  be  used  and  there  is  no  qualitative  test 
that  can  be  applied.  To  minimize  disagreements  and  the  application  of 
different  standards  by  different  inspectors,  and  to  establish  with  the 
contractor  right  from  the  start  what  would  be  acceptable,  the  contract 
required  preparing  "sample  areas"  before  progressing  with  clean  up  of 
the  entire  lock.  This  was  done  in  areas  of  minimal,  medium,  and  ser¬ 
ious  deterioration.  The  contractor's  foreman,  field  supervision,  and 
company  owner  were  there.  The  Corps  had  its  designer,  shift  supervi¬ 
sors  for  inspection,  and  head  of  the  construction  administration  divi¬ 
sion  present.  The  equipment  to  be  used  in  the  actual  cleaning  was 
used  in  the  demonstration.  Agreement  was  easily  reached  as  to  what 
was  required  and  what  was  an  acceptable  condition.  This  standard  was 
then  used  throughout  the  job. 

Most  of  the  actual  cleaning  was  done  between  lockages  over  a 
three-week  period  before  the  lock  outage  and  actual  spray-up  coating 
operations  began.  High-pressure  water-jet  equipment  was  used  and  nor¬ 
mally  operated  at  about  10,000  psi.  As  the  nozzle  tips  would  wear  out, 
the  pressure  would  sLart  to  drop  to  about  7,000  psi.  New  tips  were 
then  installed.  Both  the  pressure  and  angle  of  the  jet  were  critical 
to  effectively  remove  unsound  materials.  Occasional  handchipping  was 
used  to  supplement  the  water  jet  where  it  just  didn’t  clean  well 
enough.  Usually  the  unsound  mortar  was  about  1/4-in.  to  3/8-in. 
thick  and  flaked  off  easily.  For  most  of  the  area  in  the  lower  portion 
of  the  lock,  scaling  had  already  occurred  to  a  depth  of  1/2  to  2  in. 
in  the  mortar,  severely  exposing  the  large  aggregate  which  itself  was 
quite  sound.  Plate  5  shows  the  cleaning  operation. 

Bin  DOCUMENTS 


The  bidding  documents  were  very  specific  and  descriptive.  They 
included  a  narrative  of  what  the  problem  was  and  the  repair  objectives. 


Discussions  of  Government  experience  with  such  things  as  satisfactorily 
cleaning  the  deteriorated  surface  were  included  in  the  specifications 
for  the  bidder's  benefit.  The  "drawings"  included  photographs  of  the 
project  and  developmental  work.  Specifications  required  use  of  exper¬ 
ienced  and  trained  key  personnel  and  workmen.  An  extensive  quality 
control  program  was  clearly  spelled  out  and  a  detailed  CPM  was  required. 
The  most  applicable  parts  of  the  bidding  documents  are  contained  in 
Exhibit  5.  There  were  no  modifications  to  the  bid  documents  after  they 
became  the  contract.  There  also  were  no  claims. 

Some  of  the  most  important  aspects  of  the  bidding  stage  were  to 
first  interest  contractors  into  bidding  the  specialized  high-risk  proj¬ 
ect,  then  to  minimize  the  risk,  and  finally  be  sure  the  bidders  under¬ 
stood  the  project.  The  specifications  were  written  with  more  dialogue 
and  in  a  more  descriptive  manner  than  normally  would  be  done.  Comments 
from  bidders  showed  that  they  appreciated  this  approach,  especially  the 
discussions  about  what  the  purpose  of  the  project  was  and  what  the 
Government  experience  had  been  with  cleaning  and  application  of  the 
coating. 

A  pre-bid  conference  was  held  which  included  a  question-answer 
period  and  open  dialogue  between  bidders  and  the  designer,  inspection 
crew,  and  operational  personnel  from  the  project.  The  designer  ex¬ 
plained  what  the  concrete  problem  was  and  what  this  repair  needed  to 
accomplish.  A  slide  show  was  given  showing  the  previous  year's  trials 
and  the  surface  cleaning  procedures.  Contractual  problems  experienced 
during  the  trials  were  discussed.  After  the  conference  a  tour  through 
the  lock  was  conducted.  Ten  contractors  attended  the  conference,  in¬ 
cluding  the  successful  low  bidder.  The  pre-bid  conference  was  probably 
one  of  the  reasons  for  the  success  of  the  job  and  the  lack  of  claims 
and  modifications. 

The  process  to  be  used  for  securing  a  contractor  was  not  clear- 
cut  at  first.  Because  of  the  highly  specialized  nature  of  the  job. 
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consideration  was  given  to  negotiating  a  contract  with  a  qualified  and 
experienced  contractor.  Consideration  was  also  given  to  doing  the 
work  on  a  "time  and  materials"  basis.  It  was  finally  decided  that  the 
job  should  be  put  out  as  a  fixed-price  low-bid  contract.  There  are 
perhaps  5  to  10  contractors  in  the  United  States  that  would  be  able  to 
do  the  amount  of  spray-up  coating  required  on  this  job  with  skilled 
applicators.  Most  of  these  are  small  organizations  that  work  under 
controlled  plant  conditions  and  make  precast  panels.  They  would  need 
the  support  of  a  large  construction  contractor  to  organize,  mobilize, 
access,  and  manage  the  lock  repair  in  a  remote  site.  It  was  decided 
that  there  would  be  sufficient  qualified  contractors  or  joint-ventures 
to  get  competitive  bidding  if  the  standard  low-bid  process  were  used. 

The  method  of  measurement  and  payment  for  the  job  was  also  debated. 
Options  included  paying  for  man  hours,  equipment  rental,  and  materials; 
one  job  lump-sum;  and  paying  by  the  square  foot  for  surface  preparation 
and  satisfactory  coating.  Because  the  total  area  to  be  done  was  easily 
defined  and  the  mix  was  clearly  established,  it  was  decided  to  simply 
pay  for  mobilization  as  one  item  with  the  actual  work  as  the  only  other 
item.  Progress  payments  were  made  based  on  actual  invoice  records  for 
mobilization  costs  and  for  the  percentage  of  actual  areas  completed. 
Interim  payments  were  made  on  a  two-week  schedule. 

The  lump-sum  instead  of  unit-price  method  of  payment  had  distinct 
advantages  and  disadvantages.  It  greatly  simplified  record  keeping  and 
accounting.  However,  if  the  job  were  not  completed  in  the  very  tight 
construction  time  allowed,  the  value  of  the  completed  work  would  be 
difficult  to  establish.  In  actuality,  the  job  would  at  that  time  prob¬ 
ably  have  been  subject  to  claim  and  negotiations  anyway,  so  having  a 
unit-price  item  would  only  have  given  a  starting  point  for  the  arguing. 
Having  a  lump-sum  pay  item  had  a  psychological  advantage.  It  left 
no  doubt  that  the  intent  was  to  finish  the  entire  job  -  not  just  as 
many  square  feet  as  could  easily  be  done  -  and  that  the  amount  paid  was 
fixed. 
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Permission  from  higher  authority  was  required  to  specify  sole 
source  material  suppliers  for  the  fiber  glass  fiber  and  the  latex.  It 
was  easily  justified  based  on  (1)  the  fact  that  all  developmental  work 
and  testing  had  been  with  these  materials  and  there  was  a  possibility 
that  materials  from  another  source  would  not  be  successful  and  this 
did  not  allow  comparative  testing,  and  (2)  they  were  the  only  known 
sources  that  would  meet  the  “Buy  America  Act"  requirement. 

Permission  was  also  necessary  to  gain  relief  from  putting  the  job 
in  the  "Small  Business  Set-Aside"  category.  This  was  justifiable  in 

order  to  get  competitive  bidding  and  to  let  the  small  contractor  who  i 

had  the  spray-up  expertise  but  not  the  financing  or  organizational 

capability  do  the  work  as  a  subcontractor  to  a  reliable  large  prime  i 

contractor.  r 

i 

The  Government  estimate  and  three  bids  were  as  follows;  = 


Surface  Preparation 

Mobilization  and  Coating  Total 

Government 
Bidder  1 
Bidder  2 
Bidder  3 


$145,600 

437,000 

419,000 

900,000 


$  885,000 
742,057 
933,000 
1,046,000 


$1,030,600 

1,179,057 

1,352,000 

1,946,000 


The  Government  estimate  was  originally  $937,000  total,  or  25.8  percent 
below  the  first  low  bidder.  A  review  of  the  estimate  found  errors 
which  increased  it  to  $1,030,600  or  well  within  25  percent  of  the  low 
bidder  which  was  a  criterion  for  award  of  the  contract. 
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CONSTRUCTION 


The  contractor,  Premier  Waterproofing  Company,  Denver,  Colorado, 
is  a  reputable  small  general  contractor  experienced  with  various  forms 
of  specialty  concrete  construction,  but  who  at  that  time  had  no  exper¬ 
ience  in  the  spray-up  process.  The  specifications  clearly  required 
various  degrees  of  experience  for  the  nozzlemen  and  actual  applicators. 
The  foremen  were  required  to  have  had  at  least  two  years'  experience 
with  shotcrete  and  at  least  two  of  the  nozzlemen  were  required  to  have 
served  at  least  six  months'  apprenticeship  with  the  same  type  of  equip¬ 
ment  used  on  the  job.  All  other  nozzlemen  were  required  to  have  had 
at  least  two  weeks'  of  "hands-on"  training.  Each  spray-up  crew  was 
required  to  demonstrate  their  ability  to  perform  satisfactorily  and  to 
apply  coatings  of  the  required  quality  by  placement. 

The  contractor  met  these  requirements  in  two  ways.  First,  he 
hired  all  available  experienced  spray-up  crews  from  two  companies  that 
specialize  in  this  work.  One  was  from  Maryland  and  the  other  was  from 
California.  Second,  he  set  up  a  training  center  in  a  warehouse  for 
his  own  personnel  and  had  them  practice  for  two  weeks  before  going  to 
the  jobsite.  During  this  training,  a  knowledgeable  factory  represent¬ 
ative  for  the  fiberglass  supplier  gave  "hands-on"  instruction  and  one 
of  the  experienced  crews  worked  with  the  new  crews  for  about  two  days. 
After  meeting  the  minimum  experience  requirements,  each  nozzleman  made 
a  sample  panel  from  which  test  coupons  were  cut.  These  were  examined 
visually  for  laminations,  porosity,  fiber  distribution,  and  appearance. 
They  were  then  measured  for  thickness  and  subjected  to  center  point 
flexural  testing.  The  panels  were  made  on  two  different  occasions  and 
tested  by  the  same  laboratory,  but  at  different  ages.  Results  were  as 
follows: 
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GROUP  1 


22  Panels,  44  Coupons,  2  days'  age  when  tested. 

Thickness:  Average  =  11/32-in. 

Range  =  1/4  to  1/2-in. 

Standard  deviation  =  1/16-in. 

Coefficient  of  variation  =  20% 

Flexural  Strength:  Average  =  4,910  psi 

Range  =  1,997  to  7,261  psi 
Standard  deviation  =  1,276  psi 
Coefficient  of  variation  =  26% 

Appearance:  Density,  fiber  distribution,  and  general 

appearance  ranged  from  fair  to  good. 


GROUP  2 


11  Panels,  22  Coupons,  5  days'  age  when  tested. 

Thickness:  Average  =  3/8-in. 

Range  =  1/4  to  9/16-in. 

Standard  deviation  =  1/8-in. 

Coefficient  of  variation  =  30% 

Flexural  Strength:  Average  =  6,491  psi 

Range  =  4,428  to  8,743  psi 
Standard  deviation  =  1,255  psi 
Coefficient  of  variation  =  19% 

Appearance:  Density,  fiber  distribution,  and  general 

appearance  ranged  from  good  to  excellent. 

The  mix  used  for  all  trials  was  the  same  as  specified  and  used 
throughout  the  contract  work.  It  was  identical  to  the  latex-modified 
glass-fiber-reinforced  sprayed-on  mortar  coating  used  in  the  field 
demonstrations  of  the  previous  year.  The  batch  weights  and  volumes 
were  as  follows: 


Item 

Weight,  JJ)/cu  yd 

Approximate 
Volume,  ft^ 

Water 

245 

4 

Cement 

1,720 

9 

Fibers 

117 

1 

Latex 

520 

7 

Fine  Aggregate  (SSD) 

860 

5 

W.R.A.  ,  oz 

75 

Air 

3.7% 

1 

Trrt. 
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The  cement  used  was  portland  cement  Type  I-II.  The  fibers  were 
single-strand,  multiple-filament,  alkali-resistant  fiberglass.  The 
latex  contained  approximately  50  percent  solids  and  an  anti  foaming  addi¬ 
tive.  The  fine  aggregate  was  presacked  sand.  The  water-reducing  agent 
met  the  applicable  requirements  of  ASTM  C  494. 

The  contract  allowed  the  use  of  Government-furnished  and  stock¬ 
piled  fine  concrete  sand  or  prepackaged  contractor-furnished  manufac¬ 
tured  sand.  The  concrete  sand  had  a  better  particle-size  distribution 
and  in  the  trials  gave  the  best  results,  but  its  larger  particle  size 
made  it  possibly  more  susceptible  to  plugging  the  small  nozzle  aperture 
and  the  problems  of  handling  it  in  bulk  outweighed  the  minor  increase 
in  cost  for  the  contractor  to  supply  his  own  packaged  material.  The 
prepackaged  sand  also  eliminated  problems  with  variations  in  moisture 
content  and  grading  that  otherwise  could  be  expected  in  an  open  bulk 
stockpile.  Fine  aggregate  gradings  were  as  follows; 


Percent  Passing 


Sieve  Bulk 

9. 5-mm  ( 3/8-in. ) 

4.75-mm  (No.  4) 

2.36-mm  (No.  8) 

1.18-mm  (No.  16) 

600-um  (No.  30) 

300-ijm  (No.  50) 

150-ym  (No.  100) 

75- um  (No.  200) 


Stockpile  Prepackaged 


100 

100 

99 

100 

88 

100 

63 

99 

36 

72 

19 

9 

9 

2 

0 
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One  week  before  the  lock  was  taken  out  of  service  for  the  actual 
repairs  the  contractor  was  required  to  go  through  a  full-scale  demon¬ 
stration  of  his  operation  during  a  24-h  lock  shutdown.  The  demon¬ 
stration  required  cleaning  and  coating  an  upper  lift  of  the  lock  wall. 
It  gave  the  contractor  and  crews  a  chance  to  find  out  ahead  of  time 
what  problems  might  be  encountered  during  the  actual  project  shutdown 
and  gave  them  time  to  react  to  the  day's  experience  before  getting 
into  the  three-week-outage  period. 

The  contractor  had  two  basic  approaches  that  could  be  used  to 
accomplish  the  work  during  the  three-week  outage.  Each  would  require 
"around  the  clock"  operations  to  finish  in  time.  He  could  either  work 
from  scaffolding  (built  up  from  the  bottom  or  suspended)  with  the  lock 
unwatered,  or  he  could  work  from  a  floating  barge.  The  first  alterna¬ 
tive  presented  major  problems  in  assembling  the  scaffold  quickly  and 
in  providing  a  mobile  platform  that  could  be  moved  as  the  work  area 
moved.  Scaffolding  the  entire  lock  was  simply  not  feasible. 

The  contractor  chose  to  work  from  a  floating  plant  consisting  of 
six  barges,  three  working  at  each  wall  and  lashed  together  end-to-end. 
The  barges  stretched  for  about  75  percent  of  the  length  of  the  lock. 
The  lashed  barges  were  braced  and  welded  side-by-side  so  that  they  all 
acted  as  one  unit.  At  the  start  of  the  lock  outage,  the  barges  were 
floated  into  the  lock  chamber  and  positioned.  The  lock  was  filled  and 
the  contractor  began  working  from  the  top  lift  down.  After  the  approx¬ 
imate  height  of  one  5-ft  lift  was  coated  from  end-to-end  on  each 
side,  the  lock  level  was  lowered  about  five  feet  and  the  next  lift  was 
coated.  A  major  drawback  to  this  system  was  a  delay  required  by  spec¬ 
ifications  of  eight  hours  between  when  the  water  was  lowered  below  an 
area  of  wall  and  when  that  area  could  be  coated.  This  time  was  selec¬ 
ted  as  a  safe  and  reasonable  period  which  would  allow  hydrostatic 
pressure  within  pores  of  the  concrete  to  stabilize  with  atmospheric 
conditions.  Without  this  stabilizing  time,  it  was  felt  that  the  coat¬ 
ing  could  be  applied,  but  that  hydrostatic  and  vapor  pressure  would 
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prevent  the  coating  from  tightly  bonding  to  the  base  concrete.  Another 
specification  restriction  required  that  the  surface  be  rinsed  of  any 
silt  or  contamination  from  the  lock  water  and  be  in  a  saturated  surface 
dry  or  drier  condition  at  the  time  the  coating  was  applied.  Because 
of  the  need  for  some  final  clean  up  and  surface  drying,  the  fact  that 
the  barge  had  about  5  ft  (one  lift)  of  freeboard,  and  the  fact 
that  the  contractor  could  not  coat  more  than  one  5- ft  lift  in 
eight  hours,  the  hydrostatic  pressure  stability  period  did  not  repre¬ 
sent  any  real  delay  to  the  construction  sequence. 

In  order  to  coat  the  wall  below  minimum  tailwater,  it  was  neces¬ 
sary  at  the  end  of  the  job  to  set  the  downstream  lock  chamber  bulkhead 
and  partially  unwater  the  lock  so  the  barge  floated  below  tailwater. 
This  procedure  worked  satisfactorily.  After  completion  of  the  spray- 
up  work,  the  water  level  was  kept  below  the  last  of  the  coating  until 
it  air  dried  for  36  h  as  required  by  the  specifications.  In  actu¬ 
ality,  the  contractor  finished  about  one  day  earlier  than  necessary 
and  the  coating  was  able  to  receive  a  little  bit  more  beneficial  drying 
before  being  innundated  by  reflooding  of  the  lock  chamber  to  full  tail- 
water  elevation.  As  discussed  earlier,  unlike  conventional  mortar,  in 
order  for  the  latex-modified  mixture  to  properly  work,  it  needs  to  go 
through  a  period  of  drying. 

On  the  barges,  the  contractor  had  storage  areas  for  the  cement, 
latex,  aggregate,  fibers,  and  admixture;  sanitation  facilities;  a 
quality  control  laboratory;  surface  preparation  equipment;  a  small 
repair  shop;  spare  equipment  and  parts;  and  four  independent  mixing, 
batching,  and  spray-up  stations.  Personnel  initially  got  on  and  off 
the  barge  by  access  ladder  at  shift  changes,  but  when  the  climb  became 
over  about  20  ft,  all  access  was  limited  to  man  skip  and  crane.  Near 
the  end  of  the  job  this  meant  about  a  125-ft  total  lift. 
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Each  spray-up  station  had  its  own  scales,  spray-up  gear  or  nozzle, 
mixer,  and  pump.  Each  station  was  also  manned  by  a  full  crew  consisting 
of  a  nozzleman,  mixer  man,  roller  man,  and  usually  a  helper.  As  de¬ 
scribed  earlier,  the  "spray-up"  process  sprays  a  wet  mortar  mixture 
pumped  to  the  nozzle  by  grout  pump  and  atomized  with  low-pressure  air 
at  the  nozzle.  While  the  mortar  is  sprayed  against  the  wall  surface, 
fiberglass  fibers  are  simultaneously  chopped  from  a  continuous  strand 
and  blown  into  the  mortar  spray  from  a  separate  cutter  head  attached  to 
the  nozzle.  The  material  is  applied  in  a  thickness  of  about  1/8  in. 
per  pass  and  must  be  lightly  rolled  with  what  looks  like  a  serrated 
paint  roller  between  successive  passes.  This  presses  the  glass  fiber 
into  intimate  contact  with  the  mortar.  A  mat  of  material  results  which 
is  heavily  reinforced  but  which  will  sag  or  fall  off  if  too  much  weight 
is  added  too  fast.  The  final  surface  could  be  troweled;  but  although 
this  makes  a  better  appearance,  it  was  unnecessary  and  if  overdone 
could  be  damaging. 

There  were  two  types  of  mixers  used,  a  conventional  agitator  with 
rubber  blades  and  a  high-shear  type.  The  high-shear  type  proved  to  be 
more  effective  as  it  could  mix  smaller  quantities  faster,  approximately 
one  cubic  foot  at  a  time.  However,  it  should  be  noted  that  overmixing 
with  the  shear  mixer,  especially  in  the  case  of  latex,  could  be  damaging 
and  must  be  avoided.  The  conventional  agitator  was  slow  and  occasionally 
would  hold  up  the  spray  crew  while  it  was  mixing.  It  could  mix  up  to 
4  ft^  at  a  time. 

There  are  a  number  of  manufacturers  of  the  cutter  head  assembly. 

The  contractor  used  only  two  brands  of  equipment  on  this  job,  thereby 
minimizing  spare  parts  inventories. 

Because  there  was  often  some  last  minute  final  surface  cleanup 
that  needed  to  be  done  just  ahead  of  the  spray-up  work,  the  nozzlemen 
occasionally  had  to  wait  until  this  work  was  completed.  This  resulted 
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in  delay  not  only  because  of  waiting  for  the  cleanup,  but  because  during 
the  wait  the  mixture  would  thicken  in  the  nozzle  or  pump  lines  and  plug 
the  equipment.  It  could  take  anywhere  from  30  s  to  30  m  to  free  these 
plugs.  There  also  was  a  problem  with  spray  guns  plugging  between  shifts. 
It  was  found  that  the  most  efficient  way  to  minimize  this  problem  was  to 
keep  the  nozzle  open  and  continually  pumping  grout  even  if  this  meant 
recycling  fresh  groud  back  into  the  mixer  or  wasting  it. 

The  air  temperature  and  the  temperature  of  the  lock  wall  had  a 
bearing  on  the  amount  of  water  used  in  the  slurry  mixture.  The  roller- 
men  had  difficulty  in  keeping  the  fiber  concrete  from  sliding  off  the 
lock  wall  in  cool  weather.  The  ambient  temperature  ranged  between  37 
and  62°  Fahrenheit  during  the  lock  outage.  The  nozzleman  would  first 
make  a  pass  with  just  the  slurry  and  fiber.  He  would  then  make  two  or 
three  passes  with  the  slurry  and  fiber  to  obtain  a  3/8-in.  thickness. 
During  operation,  the  spray  gun  had  to  be  held  perpendicular  to  the  sur¬ 
face  to  obtain  a  uniform  mix  on  the  wall.  The  distance  the  gun  was  held 
from  the  wall  varied,  but  the  best  results  were  obtained  at  approximately 
two  feet.  In  between  each  pass  of  slurry  and  fiber,  the  surface  had  to 
be  rolled  until  there  were  no  loose  fibers  sticking  out. 

As  the  work  progressed  from  the  upper  lifts  which  had  less  dete¬ 
rioration  to  the  lower  lifts  with  substantial  deterioration,  the  length 
of  fiber  used  had  to  be  adjusted.  The  cutter  heads  were  designed  to 
chop  fibers  of  1-1/2-in.,  4-1/2-in.,  or  a  combination  of  1-1/2-  with 
3-in.  lengths.  The  longer  fibers  were  desired  because  of  their  believed 
tendency  to  give  greater  toughness  and  strain  capacity.  However,  where 
the  depth  of  relief  around  large  exposed  aggregate  was  about  1/2  in.  or 
more,  the  long  fibers  tended  to  bridge  across  adjacent  pieces  of  aggre¬ 
gate  leaving  an  air  void  over  the  relief  between  them.  Where  a  combina¬ 
tion  of  1-1/2-  with  3-in.  fibers  was  used,  this  problem  was  minimized. 


5-13 


Horizontal  joints  were  treated  by  simply  spraying  over  them  and 
treating  them  as  a  continuous  mass.  These  joints  have  no  known  move¬ 
ment  across  them  and  a’^e  tight  construction  lift  joints.  They  did 
present  some  problem  because  they  had  a  3-in.  chamfer  into  which  the 
coating  had  to  be  sprayed  and  rolled.  There  was  a  tendency  for  the 
workmen  not  to  adequately  coat  or  roll  these  places. 

Vertical  joints  between  monoliths  were  known  to  have  relative 
movements  of  measurable  amounts.  Wherever  these  were  encountered,  the 
joint  was  ever-sprayed  from  one  side  to  the  other,  but  then  the  joint 
line  was  cut  through  the  coating  with  a  knife  while  it  was  still  wet. 
Some  joints  that  were  not  cut  with  the  knife  later  were  cut  with  a 
diamond  saw. 

QUALITY  CONTROL 

Quality  control  was  an  essential  and  continuous  task  both  from  the 
standnoint  of  production  and  in-place  quality.  If  the  high-quality  job 
required  was  not  achieved  during  application  and  surface  preparation, 
the  coating  could  be  expected  to  fail  and  the  project  would  have  been 
a  waste  of  time  and  money.  From  the  contractor's  standpoir'  he  did  not 
have  the  time  nor  latitude  to  go  back  and  repair  any  defective  materi¬ 
als,  nor  could  he  afford  to  have  anything  other  than  consistent  mixes 
of  the  correct  proportions  to  keep  the  equipment  operating  and  the 
nozzleman  working. 

Minimum  requirements  for  a  detailed  quality  control  program  were 
described  in  the  contract  documents.  Exhibit  5  of  this  repor*-  contains 
that  information  as  it  appeared  in  the  contract.  The  quality  control 
program  as  it  was  actually  carried  out  is  described  below.  The  con¬ 
tractor  approached  Quality  Control  (Q.C.)  with  a  good  attitude.  He 
hired  a  highly  qualified  consulting  materials  engineer  to  head  up  the 
program  full  time  and  acquired  the  services  of  a  private  Q.C.  testing 
firm  to  provide  support  personnel.  A  Q.C.  engineer  was  on  the  job  and 
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working  full  time  during  every  minute  of  every  shift  of  placement.  In 
reality  the  best  control  of  mix  quality  turned  out  to  be  the  practical 
aspect  that  if  the  mix  was  too  wet  it  would  slough  off  of  the  wall, 
and  if  it  was  too  thick  it  would  plug  up  the  equipment.  It  had  to  stay 
within  very  close  tolerance  to  go  through  the  equipment  and  stay  on  the 
wall  at  3/8-in.  thickness. 

The  testing  and  monitoring  program  as  it  was  actually  performed 
consisted  of  the  following: 

1.  Although  surface  preparation  was  probably  the  most  important 
part  of  the  job,  it  was  the  area  where  Government  inspectors  thought 
the  contractor's  quality  control  organization  exercised  tht  least  con¬ 
trol.  Fortunately  the  Government  had  a  shift  supervisor  and  at  least 
one  inspector  performing  quality  assurance  checks  at  all  times  through¬ 
out  the  entire  job  so  overlooked  areas  of  inadequate  surface  cleaning 
were  caught. 

2.  A  sieve  analysis  of  the  sand  was  performed  every  shift. 

Moisture  contents  were  checked  occasionally  and  ranged  from  0.0,  to 
0.5  .  [f  bulk  or  open  stockpiles  of  aggregate  were  used,  gradation 
and  moisture  tests  would  have  been  more  important  and  required  more 
frequent  tests.  However,  the  prepackaged  commercial  bags  of  manufac¬ 
tured  aggregate  were  tightly  controlled  '  the  bag  plant  by  the  manu¬ 
facturer  so  the  frequency  of  testing  on  the  jobsite  could  be  relaxed. 

3.  Batch  sizes  of  the  mixtures  remained  constant  throughout  the  job 
so  that  only  one  weight  or  volume  of  each  material  was  ever  used  per 
batch  with  the  possible  exception  of  slight  moisture  content  variations 

as  required  by  quality  control  and  quality  assurance  personnel  to 
account  for  temperature  changes  and  humidity.  The  sand  and  cement  was 
batched  by  even  bag  counts.  Admixture  was  measured  to  the  same  mark 
in  the  same  beaker  for  each  batch.  A  mark  was  placed  in  the  water  and 
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latex  buckets  to  show  what  volume  corresponded  to  the  correct  batch 
weight  as  checked  on  the  scales. 


4.  Air  content  of  the  slurry  mixture  was  determined  by  the  pres¬ 
sure  method  (ASTM;  C  231).  The  percentage  of  air  ranged  between  3.6 
and  8.6%,  and  averaged  6.0%.  It  was  checked  several  times  a  day. 

5.  The  fiber  length  ranged  between  1-1/4  and  5-1/4  in.  A  1-1/2-in. 
and  3-in.  combination  was  desired  over  much  of  the  job  with  some  areas 
calling  for  only  4-in.  lengths.  Fiber  lengths  were  continually  moni¬ 
tored  and  adjusted  when  necessary. 

6.  Flow  and  workability  tests  were  carried  out  by  the  nozzlemen 
using  a  specialized  cylindrical  "flow  cone"  test  developed  for  this  pur¬ 
pose.  As  stated  before,  a  slight  variation  in  the  mix  consistency  would 
mean  that  it  would  either  fall  off  the  wall  or  plug  up  the  equipment. 

7.  The  amount  of  rebound  ranged  between  0.4  and  4.1%  and  averaged 
2.4%.  This  approximation  was  based  on  visual  and  weight  measures.  The 
amount  of  rebound  depended  mostly  on  the  nozzleman.  The  rebound  percent¬ 
age  does  not  reflect  the  total  amount  of  waste  due  to  over-shooting,  etc. 
The  actual  amount  of  waste  was  more  than  expected.  The  contractor  began 
to  run  short  of  materials  before  the  end  of  the  job  and  had  to  air¬ 
freight  additional  supplies  to  the  site. 

8.  "As  shot  from  the  nozzle"  mixture  proportions  of  the  fiber  and 
slurry  combination  were  checked  every  shift.  One  method  used  was  to  run 
the  spray  gun  for  a  given  period  of  time  collecting  the  fiber  and  slurry 
separately.  They  were  then  weighed  to  determine  the  percentage  of  fiber. 

A  second  method  was  performed  by  obtaining  a  sample  of  the  fibrous  coat¬ 
ing  from  the  wall  while  it  was  still  wet.  The  fiber  and  slurry  were 
washed  out  separately  and  weighed.  The  latex  had  a  tendency  to  stick  to 
the  fibers  and  could  not  be  washed  off  completely;  however,  both  tests 
were  comparable.  These  tests  were  run  on  a  continuous  basis. 
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9.  Ambient  temperatures  ranged  between  37°  F  in  the  early  morning 
and  62°  F  during  the  day.  It  was  checked  for  high  and  low  during  each 
day. 

10.  Two  24-in. -square  test  panels  were  made  against  plywood  sheets 
for  each  monolith.  Later  record  tests  and  historical  data  were  obtained 
from  these  panels.  The  test  panels  are  considered  to  be  a  good  repre¬ 
sentation  of  the  work  done.  They  represent  both  the  actual  material 
used  and  workmanship  of  the  various  nozzlemen,  and  were  made  under  actual 
placing  conditions.  Exhibit  6  contains  results  to  date  of  these  tests. 
Additional  testing,  including  quality  and  strength  after  storage  in  a 
damp  environment  for  a  year,  will  be  made. 

11.  The  final  in-place  thickness  varied  between  5/16  and  5/8  in. 
and  averaged  3/8  in.  In  areas  where  3-in.  aggregate  was  visible  on  the 
lock  wall,  the  thickness  over  the  outside  of  the  3-in.  cobbles  was  less 
than  3/8  in.,  but  between  the  aggregate  particles  it  was  more  than 

3/8  in.  Since  the  protection  is  really  needed  over  the  mortar  between 
the  aggregate,  this  was  considered  acceptable.  Thickness  was  continu¬ 
ously  checked  by  stabbing  the  wet  mix  with  a  nail  used  as  a  depth  gage. 

ADMINISTRATION 

Close  cooperation  among  engineering,  construction,  and  operations 
personnel  of  the  Corps  was  essential.  In  addition  to  the  "constructabil¬ 
ity  review,"  several  in-house  meetings  were  held  during  development  and 
planning.  The  design  engineer  attended  the  contractor's  pre-work  con¬ 
ference  and  visited  the  contractor's  home  office  during  training  of  his 
applicators.  An  extensive  written  discussion  of  "Engineering  Considera¬ 
tions  for  Field  Personnel"  was  prepared  by  the  designer  for  construction 
personnel,  and  a  meeting  to  discuss  all  engineering  aspects  of  the  job 
was  held  with  the  inspectors.  When  qualification  panels  were  made,  the 
designer  worked  side-by-side  with  the  contractor's  nozzlemen  and  made  a 
test  panel  of  his  own  right  along  with  them  -  fortunately,  it  turned  out 


very  well.  This  did  a  lot  for  morale,  giving  the  workers  a  close  feeling 
of  responsibility  and  importance  of  the  job.  During  visits  to  the  con¬ 
tractor's  training  facilities,  video  tapes  were  made  and  brought  back  for 
study  by  other  district  personnel.  To  help  the  contractor,  especially 
because  he  was  a  smaller  contractor  and  pay  estimates  were  very  high, 
they  were  made  every  two  weeks. 

During  construction,  an  experienced  shift  supervisor  from  the 
Corps'  Construction  Division  (GS-11  or  12)  was  in  charge  of  contract 
administration  in  the  field  for  each  shift.  They  were  assisted  by  in¬ 
spectors  from  Engineering  Division,  Construction  Division,  a  Resident 
Engineer's  office,  and  the  "Engineer-in-Training"  Program  for  recent 
college  graduates.  Inspector  personnel  overlapped  shifts.  The  project 
designer  made  frequent  visits  to  the  jobsite  and  observed  operations 
during  each  shift. 

A  detailed  critical  path  method  (CPM)  diagram  was  required  from 
the  contractor  and  carefully  reviewed  by  the  Government.  Also  required 
were  a  safety  plan,  hazard  analysis,  and  a  plan  of  operations  showing 
interaction  between  the  contractor  and  Government  crews  operating  in  the 
lock  area  at  the  same  time.  The  contractor  avoided  potential  subcontract 
administration  problems  and  paperwork  by  hiring  on  his  own  payroll  per¬ 
sonnel  from  other  companies  who  worked  with  him.  This  way,  all  employees 
and  work  were  always  under  his  direct  control.  During  construction,  the 
contractor  kept  "up  to  the  minute"  progress  records  in  his  field  office. 
Also,  during  the  critical  three-week  outage,  company  officers,  including 
the  president,  moved  to  the  jobsite  from  their  home  office  and  became 
intimately  involved  with  the  entire  operation. 

This  approach  to  running  the  job  by  Government  and  contractor  per¬ 
sonnel  took  much  effort,  planning,  and  overtime,  but  it  paid  off.  The 
contractor  proudly  admits  to  a  substantial  profit  which  was  well  deserved. 
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The  job  was  completed  on  time  with  no  accidents,  no  claims,  and  no  modi¬ 
fications.  There  was  no  unscheduled  delay  to  navigation  traffic.  The 
Corps  is  very  satisfied  with  the  quality  of  the  work. 

COST 


An  abstract  of  bids  is  given  in  subsection  "Bidding  Documents"  of 
this  report.  The  total  actual  contract  cost  was  $1,179,057.  Of  this 
$437,000  was  for  mobilization,  demobilization,  and  for  access  to  the  re¬ 
mote  site.  Of  the  remaining  $742,057,  it  is  estimated  that  about 

2 

$150,000  or  $1. 00/ft  covers  the  cost  of  materials  used  in  the  coating, 

2  2 
$2. 20/ft  covers  the  cost  of  applying  the  coating,  and  about  $1. 60/ft 

covers  the  cost  of  surface  preparation. 

OUTSIDE  INTEREST  AND  POTENTIAL  USES 

There  has  been  substantial  outside  interest  in  this  project  by 
Corps  and  private  organi zations .  During  construction,  there  were  many 
visitors  from  various  Corps'  districts,  divisions,  and  laboratories. 

Since  completion  of  the  repairs,  there  have  been  many  requests  for  in¬ 
formation  about  the  project  and  many  inquiries  concerning  its  applicabil¬ 
ity  to  other  deteriorated  locks,  etc. 

The  Corps  has  many  other  deteriorating  locks  which  might  be  re¬ 
paired  much  more  rapidly  and  economically  with  the  spray-up  method,  as¬ 
suming  this  method  demonstrates  satisfactory  durability  during  future 
exposure.  Where  areas  of  severe  spalling  or  deterioration  need  patch¬ 
ing,  this  could  first  be  done  with  conventional  shotcrete,  dry  pack, 
anchored  concrete  pourbacks,  or  epoxy.  The  system  has  other  potential 
applications  for  lining  eroded  conduits,  providing  protection  from  sea 
water,  lining  lagoons,  spillway  face  aprons,  etc.  Each  potential  appli¬ 
cation  must  be  critically  evaluated  with  the  understanding  that  this  sys¬ 
tem  may  work  in  some  cases,  but  might  not  be  the  best  solution  for  what 
might  seem  like  similar  conditions  in  other  cases. 
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SECTION  VI  -  PERFORMANCE 


At  the  time  of  this  writing,  the  lock  has  been  in  service  for  six 
months  since  repairs  were  completed,  so  an  evaluation  of  actual  long¬ 
term  performance  cannot  yet  be  made.  However,  the  previous  year's  trial 
coating  did  go  through  a  winter  and  performed  well  where  the  base  sur¬ 
face  was  properly  prepared  beforehand.  Laboratory  tests  of  freezing  and 
thawing  show  that  essentially  no  damage  should  occur  and  other  testing 
indicates  that  the  coating  will  prevent  the  base  concrete  from  becoming 
critically  saturated.  About  two  days  after  the  last  of  the  repair  coat¬ 
ing  was  placed,  the  lock  was  put  back  into  service  and  subjected  to  fre¬ 
quent  lockages  with  substantial  impact  of  barges  banging  against  the 
wall  and  scraping  it.  There  was  no  failure.  Photographs  on  Plate  8  J 

show  where  some  of  this  rubbing  occurred  and  that  the  coating  remains 
intact,  even  where  it  abruptly  juts  out  from  places  like  at  the  armor 
steel  around  the  ladder  recesses. 

2 

After  about  four  months  of  service,  an  area  about  5  ft  broke 
loose,  but  this  is  over  one  of  the  previous  trial  coatings  of  a  differ¬ 
ent  mix  that  had  been  placed  in  the  preceding  year.  The  failure  is  in 
the  old  trial  material,  not  in  the  spray-up  coating. 

2 

It  would  be  too  optimistic  to  hope  that  out  of  150,000  ft  of  area 

there  will  be  no  failure  with  time.  From  just  a  practical  construction 

standpoint,  it  would  be  reasonable  to  assume  that  somewhere  in  all  that 

area  the  mix  was  not  quite  right  or  the  surface  did  not  get  adequately 

cleaned.  If  the  job  were  99  percent  effective,  there  would  be  allowance 
2 

for  1,500  ft  of  area  to  fail.  Performance,  though,  is  expected  to  be 
much  better.  Fortunately,  one  major  advantage  of  the  coating  is  that 
any  small  failed  areas  can  be  repaired  rather  easily  and  quickly  with 
operations'  personnel  by  mixing  up  a  latex  mortar  slurry,  adding  the 
fibers  directly  into  the  mixture,  and  hand  plastering  it  onto  the  wall. 
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Another  approach  to  evaluation  of  the  repair  is  that  even  if  it 
had  to  be  redone  every  five  or  ten  years,  the  savings  in  time  and  money 
over  conventional  repairs  still  make  it  a  preferred  method.  However, 
it  is  thought  that  the  repairs  will  be  permanent  and  this  will  not  be 


necessary. 


EXHIBIT  1 


CLIMATOLOGICAL  AND  LOCK  USAGE  DATA 


Item  Description 

1  Monthly  Temperature  Data 

2  Freeze-Thaw  Cycles  Based 

on  Daily  Ambient  Tempera¬ 
ture  Changes 

3  Commercial  Lockages 


MONTHLY  TEMPERATURE 

DATA,  °1 

Average 

Highest 

1971 

Lowest 

39 

64 

17 

41 

64 

22 

43 

65 

20 

51 

75 

33 

62 

90 

41 

63 

97 

46 

77 

108 

48 

81 

108 

53 

63 

91 

42 

54 

85 

22 

44 

58 

27 

36 

55 

16 

33 

54 

1973 

5 

40 

64 

25 

48 

67 

31 

54 

78 

33 

63 

98 

41 

68 

104 

47 

78 

106 

51 

76 

107 

52 

67 

98 

48 

55 

74 

35 

42 

62 

30 

42 

57 

21 
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Month 
January 
February 
March 
Apri  1 
May 
June 
July 
August 
September 
October 
November 
December 


January 

February 

March 

Apri  1 

May 

June 

July 

August 

September 

October 

November 

December 


MONTHLY  TEMPERATURE  DATA  (Continued) 


1975 


Average 

Highest 

Lowest 

Month 

35 

57 

12 

January 

36 

57 

18 

February 

44 

61 

27 

March 

48 

69 

30 

Apri  1 

59 

86 

39 

May 

65 

93 

46 

June 

77 

111 

55 

July 

71 

97 

51 

August 

69 

94 

48 

September 

-- 

-- 

— 

October 

43 

73 

18 

November 

1977 

December 

— 

-- 

— 

January 

42 

70 

25 

February 

45 

70 

28 

March 

55 

91 

31 

Apri  1 

58 

80 

38 

May 

73 

97 

35 

June 

74 

98 

42 

July 

79 

107 

52 

August 

64 

88 

44 

September 

54 

79 

35 

October 

42 

67 

13 

November 

38 

61 

15 

December 
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CYCLES  OF  FREEZING  AND  THAWING 


Based  on  Dai 1y  Ambient  Air  Temperature  Changes 


1971  1973  1975 


1977  1979 


Month 


11 

15 

17 

16 

3 

15 

18 

15 

16 

13 

14 

2 

11 

3 

7 

0 

0 

3 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

7 

9 

9 

10 

23 

18 

5 

16 

19 

17 

January 

February 

March 

Apri  1 

May 

June 

July 

August 

September 

October 

November 

December 


68  49  71 


64  65 


TOTAL 
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COMMERCIAL  LOCKAGES 


Month! ' 


Number  of  1979 
Commercial  Lockages 


January 

64 

February 

62 

March 

53 

April 

125 

May 

179 

June 

156 

July 

157 

August 

156 

September 

94 

October 

85 

November 

85 

December 

83 
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EXHIBIT  2 


REPORT  OF  TESTS  ON  ORIGINAL  CONCRETE  TAKEN  FROM  THE  LOCK  WALL 


Item 

1 

2 

3 

4 


Description 


NPDEN-6S-L  Letter  and  Laboratory 
Report  dated  29  August  1975, 


Strength,  Modulus  of  Elasticity, 
and  Freeze/Thaw  Durability  for 
the  Original  Lock  Wall  Concrete 


Graphs  of  Dynamic  Modulus  vs. 
Freeze/Thaw  Cycles  for  the 
Original  Lock  Wall  Concrete 


Report  of  After-Test  Examination 
of  Freeze/Thaw  Beams  Saved  from 
Navigation  Lock  Repair  Concrete 
Debris 


AOOHi  SS  MPi  Y  TO 
omr  CTuR 

MOT  TO  INOIVIOUAI.%. 


US  AfRMY  ENGiNFtR  DIVISION  NORT  H  f'AC  I  f  I C 
CORPS  OF  ENGINEERS 

NORTH  PACIFIC  niyiSlQN  MATERIALS  LABORATORY 
Rr  2  BOK  12a 

TROUTOALC  OREGON  «7060 


NPDEN-GS-L  (75-C-797)  29  August  1975 

SUBJECT;  Navigation  Lock  Repair,  Lower  Monumental  Dam,  Report  of  Tests 
on  Concrete  Debris,  Contract  DACW  68-75-C-0113 


District  Engineer,  Walla  Walla 
ATTN:  NPWEN-FM 


1.  Please  reference  your  DA  Form  2544  request  No,  E-86-75-0128  dated 
25  April  1975. 

2.  Attached  is  report  of  tests  on  two  samples  of  concrete  debris 

(LM  No.-  1  &  2)  taken  from  the  Lower  Monumental  Navigation  Lock  repair 
site  5  March  1975.  (Received  7  Mar  75).  Included  are: 

a.  Inclosure  1,  Summary  of  Tests  on  Concrete  Del>ris  inclmiing 
compressive  strength,  tensile  strength,  modulus  of  elasticity  and  Iriieze- 
thaw. 

b.  Inclosure  2,  NPD  Form  361  "Resistance  of  Concrete  Beams  to 
Accelerated  Freezing  and  Thawing". 

c.  Inclosure  3,  Report  of  After  Test  Examination  of  Freeze-Thaw 
Beams . 

d.  Inclosure  4,  Plates  I,  II,  III,  4  IV, 

(1)  Plates  I  &  II,  photograph  of  samples  as  received. 

(2)  Plates  III,  IV,  pliotograph  of  frceze-thaw  beams  after  test. 

3.  Freeze-thaw  boams’wcro  sawn  from  concrete  ctiunks  by  diamond  saw  to 
have  one  formed  concrete  face  and  three  sawn  faces.  t)uring  sawing  and 
coring  of  specimens  it  was  found  much  of  the  debris  bad  internal  cracks 
reducing  the  number  and  size  of  specimens  available.  Five  nominal  3x4x14- 
i neb  beams  were  obtained  from  sample  LM- 1  and  one  from  sample  LM-2. 

Tensile  splitting  and  compressive  strength  tests  were  made  on  4x8  and  2x4- 
inch  cores  respectively  drilled  with  diamond  bits  from  the  niiinants  ol  i  he 
concrete  debris.  Modulus  of  elasticity  was  measured  on  the  2x4- inch  cores 
by  surface  mounted  SR  4  wire  strain  gages. 
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NPDEN-GS-L  (75-C-797)  29  August  1975 

SUBJECT;  Navigation  Lock  Repair,  Lower  Monumental  Dam,  Report  of  Tests 
on  Concrete  Debris,  Contract  QACW  68-75-C-0113 


Visual  inspection  of  the  debris  indicated  sample  lM-1  contained  3"  MSA 
end  sample  Ul-2  1^"  MSA. 

4.  Analysis  of  the  freeze-thaw  beams  during  and  after  test  indicated 
the  formed  face  concrete  was  of  poor  quality.  Formed  surfaces  had 
suffered  severe  mortar  losses  by  55  cycles  of  freeze-thaw  exposure  and 
were  completely  destroyed  by  300  cycles  of  freeze-thaw.  The  interior 
concrete  (sawn  faces)  was  generally  of  better  quality  with  light  to 
medium  mortar  losses.  (Incl.  2  &  3) 


5.  This  completes  all  work  requested 


Incl 

as 


r.^BORGE 
Director 


2 
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NPDEN-GS-L  (75-C-797) 


29  August  1975 


LOWER  MONUMENTAL  DAM 

Report  of  After  Test  Examination  of  Freeze- Thaw  Beams  Sawn  from  Navigation 
Lock  Repair  Concrete  Debris 

1 .  Samples  &  Tests 

Six  nominal  3xAxl4-inch  beams  were  sawn  from  two  samples  of  Lower  Monumental 
navigation  lock  repair  concrete  debris,  five  beams  from  sample  LM- 1  and  one 
beam  from  sample  LM-2.  The  beams  were  subjected  to  accelerated  freezing  and 
thawing  and  tested  in  accordance  with  CRD-C-20.  Beams  were  selected  and 
sawn  to  have  one  formed  face  and  three  sawn  faces  each.  Beams  No.  LM  1-1, 

2,  3  and  5  appeared  to  contain  3"  MSA  and  beams  No.  LM  1-A  and  LM  2-1,  li" 
MSA.  Following  are  detailed  test  results; 


Samnle 

No. 

Rel.  Ejqq 

Rel.  E  =  50 

Wt  . 

Depth  of 

Erosion 

&  Beam 

MSA 

Cycles 

of  each 

of  each 

Loss 

of  Beam 

Faces  in. 

No  . 

in . 

Tested 

Beam 

Beam 

% 

Formed 

Sawn 

LM  1-1 

3 

132 

17.8 

107 

6.8 

0.5 

0. 1-0 .2 

2 

3 

306 

82  .9 

8.0 

0.75 

0.1-0. 2 

3 

3 

306 

74.0 

7.9 

0.65 

0.1-0  .2 

4 

iSt 

306 

52.2 

9.0 

0.3 

0.3 

5 

3 

306 

64.7 

7.2 

0.5 

0.1-0. 2 

Average 

58.3 

7.7 

0.55 

0.1-0. 3 

LM  2-1 

U 

78 

4.2 

25 

1.2 

0. 1-0.2 

0.1-0. 2 

2 .  Examination  of  Beams 

The  concrete  of  beams  No.  LM  1-1,  2,  3  and  5  was  of  varible  quality.  Tine 
formed  faces  (exterior  surfaces)  had  heavy  mortar  losses  and  the  original 
contours  were  completely  destroyed.  The  sawn  faces  (interior  surfaces)  had 
light  to  medium  mortar  losses  and  the  original  contours  were  rounded  to  sub¬ 
rounded,  The  mortar  ranged  from  soft  to  firm  on  the  formed  faces  and  wa.s 
firm  on  the  sawn  faces.  Mortar-coarse  aggregate  bond  was  good.  The  coarse 
aggregate  was  generally  sound  with  one  to  two  soft  particles  noted  per  beam. 
Two  to  three  spalls  ranging  up  to  two  inches  in  diameter  and  one  inch  in 
depth  were  also  noted  on  each  beam. 

Beams  No.  LM  1-4  and  LM  2-1  did  not  show  much  difference  between  the  formed 
and  sawn  faces  as  did  No.  LM  1-2,  3  &  5.  Mortar  losses  ranged  from  light  to 
medium  and  the  original  contours  were  rounded  to  subrounded.  Mortar  was 
generally  firm  with  some  soft  areas  and  mortar  to  coarse  aggregate  bond  was 
good.  Beam  No.  LM  2-1  broke  in  half  in  55  to  78  cycles  and  was  removed  from 
test  at  78  cycles. 

General  physical  quality  of  these  two  beams  was  poor. 
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NPDEN-GS-L  (75-C-797)  29  August  1975 

The  depth  of  penetration  of  destructive  freeze-thaw  action  is  illustrated 
by  the  dark  wet  edges  of  the  sawed  sections  in  the  accompanying  photo¬ 
graphs.  The  1/2-inch  thick  slices  were  sawn  from  third  points  of  the 
beams,  air-dried,  placed  in  1/4- inch  deep  water  for  15  minutes  and  photo¬ 
graphed  . 

The  beams  would  be  rated  poor  to  excellent  according  to  EM-1110-2-2000 
"Standard  Practice  for  Concrete",  page  2-11,  paragraph  4. 


2 


I 


I 


I 

I 

I 

I 
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EXHIBIT  3 


INVESTIGATIONS  OF  ORIGINAL  CONCRETE  IN  THE  LOCK 


Item 


1 


2 


3 


4 


5 


Description 

NPDEN-GS-L  Letter  Dated  18  May  1978 
Containing  Entrained  and  Entrapped 
Air  Contents  for  Original  Lock  Wall 
Concrete  and  for  Remade  Mixes 

Report  of  Durability  Tests  on  Mables 
Pit  Aggregate  Concretes  (Original 
Construction  Aggregates) 

Graphs  of  Dynamic  Modulus  vs.  Freeze/ 
Thaw  Cycles  for  Mables  Pit  Aggregate 
Concretes  (Original  Construction 
Aggregates) 

Narrative  Discussion  and  Data  for 
Mables  Pit  Aggregate  Concretes 
(Original  Construction  Aggregates) 

Petrographic  Report  for  Mables  Pit 
Aggregate  Concretes  (Original 
Construction  Aggregates) 


DEPARTMENT  OF  THE  ARMY 

NORTH  PACIFIC  DIVISION.  CORPS  OP  ENGINEERS 
P.O.  BOX  2870 
PORTLAND.  OREGON  97208 


NPDEN-GS-L  (77-C-5)  18  May  1978 

SUBJECT:  Lower  Monumental  Navigation  Lock  Chamber  Concrete 

Durability  Studies 


District  Engineer,  Walla  Walla 
ATTN:  NPWEN-FM 


1.  Please  reference: 

a.  Your  DA  loro  2544  request  No.  E86-96-0016  dated  14 
July  1976. 

b.  Telcons  5  October,  9,  14,  and  23  November  1977  with 
Messrs,  Houghton,  NPDEN-GS  and  Schrader,  NPWEN-FM  In  which 
air  content  tests  by  the  microscopical  method  on  samples  of 
concrete  debris  from  the  Lower  Monumental  Navigation  Lock 
Chamber  (rec'd  8  and  25  Nov  77)  were  requested. 

c.  Telcon  9  November  1977  In  which  your  Mr,  Schrader 
confirmed  the  transmittal  of  stockpiled  natural  sand  and  gra¬ 
vel  from  Mabels  Pit,  Snake  River,  WA  (rec'd  8  Nov  77). 

d.  Telcon  24  January  1978  in  which  Mr.  Houghton  was 
given  results  of  air  content  tests  on  the  first  samples  of 
concrete  debris. 

e.  DF  dated  2  February  1978  from  Mr.  Houghton  to  NPDEN- 
CS-L  requesting  slump  loss  and  freeze-thaw  tests  be  made  on 
3'  MSA  concrete  batched  with  Mables  Pit  sand  and  Mathews 
Terrace  coarse  aggregate. 

f.  Telcon  6  February  1978  with  Mr.  Houghton  wherein  It 
was  agreed  that: 

(1)  Volcanic  cinders  pozzoland  would  be  used  In  lieu  of 
calcined  shale. 

(2)  The  standard  laboratory  mix  sequence  would  be  used. 

2.  The  purpose  of  this  study  was  to  Investigate  two  possible 
causes  for  the  low  entrained  atr  content  found  In  the  lock 
chamber  concrete. 
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NPDEN-GS-L  (77-C-5) 

SUBJECT:  Lower  Monunental  Concrete  Durability  Studies 

Parameters  studied  Included: 

a.  Effect  of  slump  loss  on  air  content. 

b.  Effect  of  additional  consolidation  effort  required 
due  to  slump  loss  on  air  content,  freeze-thaw  durability  and 
compressive  strength. 

c.  Effect  of  mixer  grinding  with  3-ln  MSA  aggregate  on 
the  release  of  mon t mo r 1 1 1  on  1 1 e  clay  from  the  sand  with 
possible  subsequent  effect  on  the  size  or  distribution  of  the 
alr-vold  system. 

3.  Attached  with  rf:sults  complete  to  date  Is  report  of  air 
content  and  durability  studies  made  on  concrete  debris  and 
recently  cast  concrete  batched  with  Mabels  Pit  sand  and 
Mathews  Terrace  coarse  aggregate.  Included  are: 

a.  Incl  1,  Summary  Report  of  Durability  Tests. 

b.  Incl  2a-c,  NPD  Form  361,  Graphical  Report  of 
"Resistance  of  Concrete  Beams  to  Accelerated  Freezing  and 
Thawing’  for  the  three  sets  of  beams  tested. 

c.  Incl  3,  Report  of  After-Test  Examination  of 
Accelerated  Freeze-Thaw  Beams. 

d.  Incl  4a-b,  Photographs  of  Slices  sawn  from  selected 
freeze-thaw  beams  after  test. 

e.  Incl  3,  Report  of  Petrographic  Examination  of  Mabels 
Pit  sand . 

f.  Incl  6,  NPD  Form  359,  Report  of  Concrete  Mixture 
Design  for  the  3"  MSA  mixture  used  In  these  studies. 

g.  Incl-7,  ENG  Form  6008-R  "Report  of  Test  of  Portland 
Cement"  for  the  stock  of  lab-blend  cement  batched  In  the 
concrete  mixes. 

h.  Incl  8,  ENG  Form  6000-R  "Report  of  Tests  on 
Pozzolan  ’  for  the  Sun  brand  ground  volcanic  cinder  pozzolan 
batched  in  the  concrete  mixes. 

4.  Approximately  64  sq  In  x  1  inch  thick  slabs  were  sawn 
from  two  samples  of  3"  MSA  concrete  debris  sampled  at  the 
Lower  Monumental  Navigation  Lock.  Slabs  were  forwarded  to 
the  Waterways  Experiment  Station  for  determination  of  the  air 
content  by  the  modified  point  count  method  "CRD-C  42-71" 


2. 
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Nl’DKN-CS-L  (77-C-i) 

SUBJKCT  Lower  Monunertal  Concrete  Durability  Studlea 


Mlcroacoptcal  Deteralnatlon  of  the  Alr-Vold  Content  In 
H.irdened  Concrete.  Additional  teats  were  Bade  on  alaba  aawn 
from  representative  freeie-thaw  beaaa  recently  caat  froa  3" 
MSA  laboratory  mixed  concrete.  Reaulta  of  the  teata  on  the 
debris  and  recently  caat  concrete  are  aa  followa: 


NPDPL 

N  0  . 

Loc  a  t  1  on  Ai 

Z 

tgregate 

X 

Paste 

Z 

Entrained 

Air 

Z 

Entrapped 

Air 

Z 

Total 

Air 

3  1  3 

Sawn  I  " 
from  Sur¬ 
face  of 

Lift  No.  25 

76.3 

22.0 

1.2 

0.5 

1  .  7 

3  2  5 

From  Lock 
Chamber 
Rubble  pile 
0  Base  of 

Na  V  Lock 

76.2 

20.5 

2.9 

O.A 

3.3 

386-9  3"  MSA  *  | 60.3 

Recently 
Cast  Fit 
Beams- 
Cast  With¬ 
out  Delay 

386-  1  8  3"  MSA  *  j  57  .A 
Recently 
Cast  Fit 
B  e  .1  o  s  . 

30  Min. 

Delay 

•  WGT  SCREF.NKD  mlnua  3/A"  fraction  of  alature. 

5.  Teats  were  made  on  three  batchea  of  3"  HSA  concrete 
batched  with  Mables  pit  aand  and  Hatbewa  Tarracc  eggre(ace,  a 
laboratory  blend  of  three  Type  II  ceaente,  of  volcanic  cinder 
pozzolan  and  neutralized  vlnaol  realn  air  entraining  agent. 
The  quantity  of  pozzolon  used  wee  based  on  a  20X  repIaccBent 
of  Portland  Cement  by  absolute  voluae.  Project  ala  design 
No.  3-5.25P-2B  was  selected  for  this  study;  however,  the  alx- 
ture  required  re p r o por 1 1  on  1 og  to  en  equlvelent  ceaent  content 
of  A.9A  cwt/cu  yd  to  acet  design  eluap  and  air  req u 1 r eaen t a . 
The  equivalent  water  ceaent  ration  was  aalntalned  at  O.AA 
(W/C>P  -  0.A5).  The  alxture  wee  designed  for  5.0Z  entrained 
air  and  2V2  Inches  slump  on  the  ainus  iVx*  fraction.  The  air 
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content  of  the  3"  and  +  3/4"  concrete  fractions  were  4.0  and 
b  .  1  7;  respectively.  Mixing  and  plastic  concrete  testing  pro¬ 
cedures  were  as  follows: 


a.  Batch  all  Ingredients; 


b. 

Mix 

three  minutes; 

c  . 

Rest 

three  minutes; 

d  . 

Mix 

two  minutes  and 

d  1  scha  rge 

e  . 

Wet 

screen  to  minus 

1  •/2  "  ; 

f.  Split  concrete  Into  two  equal  samples; 

g.  Make  air  content  slump  test  and  cast  6  x  12-ln 
cylinders  and  3^2  x  4V2  x  16-ln  freeze-thaw  beams  from  one 
sample  leaving  second  sample  undisturbed; 

h.  Walt  30  minutes  and 

I.  Without  agitating  or  remixing  repeat  steps  g  and  h  on 
the  second  undisturbed  concrete  sample. 

6.  Cylinders  were  cast  for  test  at  7,  28  and  90  days;  and 
f  reeze  thaw  exposure  was  Initiated  on  the  beams  at  age  28 
days.  To  serve  as  a  control  series  3/4"  MSA  P.C.  concrete 
batched  with  Mabels  pit  natural  sand  and  Mathews  Terrace  gra¬ 
vel  was  tested  according  to  CRD-C  114-73  "Method  of  Test  for 
'.unndness  of  Aggregate  by  Freezing  and  Thawing  of  Concrete 
A  r  g  r  i' g  a  t  e  s  "  .  The  control  beams  were  started  In  test  at  a 
■i:  liid.irl  I -  d  a  y  age,  and  cylinders  were  cast  for  test  at  age 
'  ,  I  - ,  : «  days. 

'he  petf' graphic  report  Indicates  that  about  six  percent 
t  ;  '  (■  sand  Is  composed  of  soft  particles  with  some  raont- 
-  rl. :  >nlte  clay  In  the  finer  fractions.  Slump  loss  tests 
;  ''  .•el  s 1 c n 1 f 1 c a n t  stiffening  occurred  during  the  30-mlnute 

I..  Average  slump  for  the  three  batches  was  reduced  from 
1;  he,  as  mixed  to  3/4"  In  30  minutes.  Delayed  concrete 
I  SI  Iff  "  and  lumpy",  lacked  plasticity  and  workabl- 
,  all  lend  lo  "posthole"  during  consolidation.  It  Is 
.  ’'ni'ed  th.it  two  three  times  as  much  effort  was  required 

f  ir  .l:.e  a  1  e  q  u  a  t  e  yvao  1  1  da  t  I  o  n  of  the  delayed  tested 

rete.  however,  Che  delay  had  negligible  affect  on  Che 
,lis'!  Ilr  , intent  and  the  durability  factor  of  the 

ii.ie.  ihe  average  air  content  for  the  mixed  and  delayed 
on  ret,-  was  h.j  and  3.0Z,  respectively,  and  the  durability 
•  ,  t  irs  for  the  nixed,  delayed  and  standard  freeze-thaw  test 
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beams  were  DEE  “  89.7,  88.7,  and  92.J,  respectively. 

These  DEE  factors  would  rate  all  of  the  beams  as  excellent, 
which  Is  comparable  with  DEE  “  84.2  reported  In  Lower 

Monumental  hock  &  Dam  Concrete  AgRre^ate  Design  Memorandum 
\'o.  8,  28  April  1961.  Compressive  strength  results  at  age  28 

days  for  the  mixed  and  TO-mlnute  delay  3"  MSA  concrete  were 
3480  and  3430  psl,  respectively.  Detailed  test  results  are 
attached. 

8.  The  results  of  this  investigation  to  date  Indicate  the 
following: 

a.  Microscopic  analysis  of  debris  from  spalled  navlga- 
tl.>n  lock  chamber  concrete  showed  entrained  air  contents 
ranging  from  1.2  to  2.9  percent,  which  are  too  low  to  provide 
a  high  level  of  freeze  thaw  durability. 

b.  Microscopic  analysis  of  the  freeze-thaw  beams  cast 
from  delayed  and  non-del  a yed  recently  cast  concrete  showed  a 
decrease  In  entrained  and  total  air  content  for  the  delayed 
concrete  as  compared  to  the  non-delayed  concrete. 

c.  Two  to  three  times  more  compaction  effort  was 
required  to  consolidate  the  stiff  30  minute  delayed  concrete 
as  compared  with  the  non-delayed  concrete. 

d.  No  significant  reduction  In  the  plastic  air  content 
was  measured  In  concrete  allowed  to  set  for  30  minutes  prior 
to  test. 

e.  The  extra  consolidation  required  to  consolidate  the 
stiffened  concrete  had  no  apparent  effect  on  Its  freeze-thaw 
durability  or  compressive  strength. 

9,  This  completes  all  works  requested. 

FOR  THE  DIVISION  ENGINEER: 


I  nc  1  ( dupe ) 

a  s 

CE: 

NI’DEN-nS 
Gone  ret  e 


Director 
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LATIVE  DVNAVIIC  MODULUS  OF  ELASTlClTV,  PE?^  CENT 


BMI 


i  1 

Jj 

-[--1 

1  ; 

i~* 

-Li 

LP 

1  ; 

r 

1 

■  i  ' 

1  ! 
r 

1  ■  ■ 
1 

f 

j  .  , 

I 

1  1 

Oft  At 
300  CfCi I : 


fvo  C  vct  I  5 
‘ML  C  •  f/0*>v 


311 

92  .9 

311  A 

93.5 

311  B 

90.6 

Average 

o 

92  .3 

DcslRned  according  to  CRD*C  llA, 
3/A"  MSA  0  O.AS  W/C. 


LOWER  MONUMENTAL  CONCRETE 

_ I y TY  STUDIES 

n.r.M/cr  Walla  ijalla 


*  INI  AOO«r  C.Al  I 

Laboratory  processed  natural  sand, 
Mabels  Pit,  Snake  River,  WA 


cOAw.r  AGoneCATF 

Laboratory  processed  natural  gravel, 
Matliews  ’lerrnce.  Snake  River,  WA 
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PAST  CYCLES  OF  FRCIV.ING  AND  t  HAWING 


Mf  AKA  fiC.’ 

n»  1  AT 
loy  r s c*  1  • 

»»<>  (  vci  t  s 

•Ml  1  • 

386 

86.1 

386  A 

88.1 

.  „ 

386  13 

85.9 

Average 

o 

86.7 

Cast  f rms  wet  screened  minus  3/4" 
prlloii  (if  project  Nix  No.  3-5,25  P-2B. 
30-  Minute  delay  prior  to  casting. 


LOWCK  TONOMJiNTAL  CONCRETE 
DUKABILITY  STUDIES 
Oi5.  liner  Walla  Walla 

I  INI,  AOOIICOAl  E 

Ijjborarory  processed  natural  sand, 
Mabels  Pit,  Snake  River,  WA 


(OAl'C-t  AGCMrOATC 

Laboratory  processed  natural  gravel, 
M.iiliews  Tcrr.icc,  Snake  River,  WA 
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f  MONUMKNTAK  CONCkKTi:  DUkABILnV  STDDIl.S 
Report  of  After  Ti  Examination  of  Accelerat'  d  Freeze-Thaw  Bi.ims 

1.  Samples  &  Test  -  Three  sets  of  beams,  each  composi’d  of  tf;ret  h<  ar  . 

from  each  of  thrt'e  concrete  batches,  were  cast  with  laboratory  pin.  i  ssed 

Mabel's  Pit  sami  and  Mathews  Terrace  Course  .i,'>‘,rep,a  l  es .  One  set,  N'l’I.' 

No.  311,  wa5.  cast  fri>m  a  3/4*'  MSA  concrete  miytuie  desijpud  .itid  Ik  .leti 
In  accordance  witfi  CI<I)-C  114  and  two  sets,  M'l)  No.  38h,  weit  cast  fiur*. 
the  wet  screene<l  minus  3/4  portion  of  a  3"  MSA  howt^r  Mt»nuni(*n t a  1  p/^ijt  t 
Mixture,  No.  3-S.2SP-7B,  one  s«-l  inimeti ial e  1  y  alter  mixiip’.  un«-  ■•♦•t 

after  a  30-minule  delay  without  ap, .nation  im  remixing'.  Thi*  i<.m n-ti 

beams  were  started  in  t<*st  at  .tp.e  14-d.iyj;,  the  I’.C.  p')/ .oi  1  an  i  (  rtli', 

at  n^e  28  ilays.  The  beams  were  subjected  (<■  101  to  V)S  evi  les  i){  t  nei'’ 

freezing,  and  thawiuv;  and  tested  in  accordance  with  C’Pl)-(^  20.  FolU»vj'i^ 
are  detai  leil  test  results: 

Cement 


Seri cs 
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r 
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3" 
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NOTE:  1^/  On  tho  i  us  3/4"  portion  of  ti>p  mixture. 

On  Che  JS  I'j"  portion  of  the  mixture. 

2.  Examination  of  IScams  -  All  beams  are  of  good  physical  quality.  Beams 
have  well  preserved  original  contours  and  mortar  coarse  aggregate  losses 
are  minor.  Tlie  mort.ii  is  firm  and  tlie  bond  is  g.ood .  Minor  popouts  are 
present  in  all  bo.ims.  The  beams  cast  after  tlie  30  minute  delay  had  tlie 
hii'.hest  weight  loss,  greater  .surface  relief  and  had  lost  some  -5  inch 
aggregate  particles.  Details  are  as  follows; 


Scries 

Test 

Wei  gilt 

Surface 

No. 

Cond i t i on 

i.o.ss,  y. 

Relief,  i ns 

311 

CRD-Cl 14 

5.8 

0.15 

386 

Standard 

6.4 

0.  15 

386 

30  min.  delay 

10.  2 

0.  25 

Thc‘  depth  of  penetration  of  destructive  freezc‘-thaw  action  is  illustr.ited  by 
the  dark  wet  edges  of  the  s.iwed  .sections  In  the  accompanying  photograph.s . 

The  accompanying  block  illustrates  the  original  size  of  the  test  beams. 

The  '5  inch  thick  sections  were'  sawn  from  selected  beams,  .lir  dried,  placed 
in  \  inch  deep  water  for  15  minutes  and  photographed  immediately.  The 
average  DIF.  durability  factors  of  92.3,  89.7,  and  86.7  would  rate  the 
beams  as  excellent  by  criteri.a  outlined  in  F.M- 1  1  1 0-2-2000,  "Standard 
Practice  for  Concrete"  Pat',e  2-11.  para.  4. 
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Si-b  Iff  t : 

Petrocraphic  Examination  of  Fine  Arereratc. 

_ 

Report  Scries  No.  1 

Pi  o  1  c t:  t ; 

Lower  Monumental  Dam 

tntended 

Concrete  Aggregate 

Source  of  Hateriat 

;  Mabel's  Pit  on  Snake  River 

Subnitifd  bw.‘ 

Director.  North  Pacific  Division  Laboratorv 

Dale  S  amo 1 ftd : 

n»iP  16  December  1977 

Meihod  of  Te5»l  or 

^  oe  c 1 f  1 r  a  t  i nn :  CRD-C  1 27—67 

Re 

North  Pacific  Division  Laboratory  Request  No.  E8578950o 

(DTL  78-4)  dated  8  December  1977. 

SAMPLE  inivNTIFICATION 

HM  Lab.  K'o.  77/260.  Sample  of  concrete  sand  (NPDL-3U)  from 
Mabel's  Pit  on  the  Snake  Uiver  for  lower  Monumental  Dam. 


SUMMARY  OF  EXAMINATION  RF^SULTS 


1,  The  fine  aggregate  is  dark  brownish-gray,  rounded  to  angular, 
partially  manutactured  sand  consisting  of  about  70  percent  dense 
basalt,  2  percent  vesicular  basalt,  5  percent  highly  weathered 
basalt  and  clay,  <j  percent  granite,  7  percent  quarttite  and  quart!, 
4  percent  feldspar,  and  6  percent  miscellaneous  materials. 

2.  Porous,  absorptive,  friable  particles  comprised  mainly  of 
weathered  basalt  and  silty  calciche  total  about  6  percent  of  the 
sample.  Some  chloroohaeitc  and  montmorillonite  clay  are  included 
in  this  group  in  the  finer  sieve  fractions. 


3.  Although  some  natural  glass  is  present  with  a  refractive  index 
of  less  than  1.540,  the  alkali-silica  reactivity  potential  of  this 
aggregate  is  thought  to  be  minor. 


mil  '0 


4.  Most  of  the  particles  tend  to  have  an  equidimensional  shape 
with  a  smooth  to  moderately  rough  surface  texture,  and  are  free 
of  any  coatings,  except  for  small  spots  of  calcite  incrustation 
on  some  p.articlcs. 


'  ' coniOB  Of  rrn  is  oosolfte. 
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5.  The  composition  of  the  sand  by  sieve  fractions  is  given  in  the  at¬ 
tached  table. 


COMrOSTTlON  AND  PHYSICAL  PROPLUTl RS 


6.  Hasal t .  nlack  and  brown,  dense  to  vesicular  basalt  particles  make 
up  72  percent  of  tlic  sand  sample,  wliile  soft,  moderately  to  highly 
weathered  basalt  comprises  5  percent.  Most  of  the  basalt  is  holocrj's- 
tallinc  but  a  few  contain  interstitial  natural  glass.  In  a  few  eases, 
the  glass  (palagonitc)  has  a  refractive  index  less  than  1.540  wliich 
makes  it  susceptible  to  alkali-silica  rcactior..  In  addition  a  trace 
amount  of  glassy  rhyolite  roc!\  is  also  present.  However,  the  amount  of 
glass  in  the  entire  sand  is  small  and  not  likely  to  cause  excessive 
reactivity  when  used  in  concrete.  In  some  of  the  weathered  basalt  par¬ 
ticles,  the  natural  glass  has  altered  to  chloronhaei t e  wliich  in  turn  is 
altered  to  montmori llonitc  clay.  Since  the  sand  contains  a  high  percen¬ 
tage  of  minus  No.  200  size  material  and  much  of  tlte  clay  is  collected  in 
this  size  fraction,  it  would  he  advisable  to  remove  some  of  this  material 
by  washing  before  the  aggregate  is  used  in  concrete. 

7.  Granite.  Fine-grained,  light  gray  to  pink,  hard,  dcn.se,  rounded  to 
angular  /;ranite  pa7'ticles  occur  in  small  amounts  in  the  Larger  sieve 
fractions  making  up  about  o  percent  of  the  sand.  I’ractically  all  of 
these  particles  appear  sound  and  durable. 

R.  Quai-tzitc  and  Quartz.  The  particles  of  this  grotip  consist  of 
rounded  to  angular,  hard,  dense,  white  to  but!',  fine-grained  quartzite 
and  angular,  white  to  colorless  quartz.  Most  of  the  quartzite  occurs  in 
the  coarser  sictc  fractions,  wliilc  quartz  grains  arc  most  abund.ant  in 
the  fincj’  sizes.  All  of  the  grains  of  this  group  arc  hard  and  durable. 
This  group  totals  about  7  percent  of  tlic  sand. 

9.  Feldspar.  Tliis  group  is  made  up  of  ■  no  •.  :■  .ir.d  plagioclasc  feld¬ 
spar  grains  having  been  derived  from  tli.  ranitu  and  basaltic  rocks, 
largely  as  a  result  of  crusiiing.  Most  tend  to  be  iresh,  but  a  few  show 
.alteration  pi'oducts  sucli  as  sericitc  .and  k.iolinite.  The  grains  are 
w!iite  to  gray,  rectangular,  and  have  good  clcav.agc  suifaces.  l'cldsp.''r 
comprises  about  4  percent  of  the  fine  .aggregate. 
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10.  Hlscp]  1  ancons .  A  number  of  di  fferent  rock  t5'pc3  and  minerals  are 
included  in  tliis  grouo  sucli  as  mica  schist,  concrete,  calcichc,  and 
limestone  in  the  coarse  fractions  and  mica,  calcitc,  and  common  detrital 
mincr.als  in  the  fine  sizes.  All  together  this  group  makes  v.p  about  0 
percent  of  tiic  sand.  Some  of  the  calcichc  and  limestone  particles  are 
soft  and  highly  absorptive. 


Submitted  by; 


^  R.  K.  SCHLHKKMi 

Director,  MRl)  Laboratory 
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EXHIBIT  4 


PRELIMINARY  EVALUATION  TESTING  OF  SPECIALIZED  MORTAR  COATINGS 
Item  Description 

1  DA  Form  2544  dated  28  June  1976 
Describing  the  Wet-Dry  -  Freeze/ 

Thaw  Specialized  Test  Under 
Various  Pressures 

2  NPDEN-GS-L  Letter  Dated  27  September 

1976  Giving  Results  of  Specialized 
Laboratory  Freeze/Thaw  Tests  on 
Mortar-Coated  Lock  Concrete 

3  NPDEN-GS-L  Letter  Dated  18  February 

1977  Giving  Results  of  Comparative 
Tests  of  Fiberglass-Reinforced  Mortar 
Coatings  With  and  Without  Latex  When 
Subjected  to  Freeze/Thaw 


IKTRA  ARMr  ORDER  FOR 
REIMBURSABLE  SERVICES 

F«r  •(  tKJs  (emi,  AR  37*101 

AR  37>))0;  <h«  •yancr  !• 

OMlc«  fh*  •(  i*v«  Aftwjf. 


District  Enslnesr 

Walla  Walla  District,  Corps  of  tasrs. 
City-County  Airport 
Unllo  Wslls,  TSV  99362 


«■  OCSCMIPTION  OF  SEMVICES  TO  EE  PEMFORHEO 


S  TO  BE  *>Cft^ORMCO  8v  ln»t»i:mi‘Of  o'  Ac  • 

AtftfrsssJ  (incluOm  ZJp  CoOa) 

Director 

Division  >^U>tcrlals  Lab. 

north  Pacific  Division,  Corps  of  Eners. 

TroutJsle,  OR  97060 


Perform  special  f reazo-thav/wot  (under  prsasura)-dry  tests  on  ssciplea  of  Lower 
llonusantal  conersco  chat  have  been  coated  with  Class  Con.  The  coating  has  been  appllv 
by  s  private  company  and  S  sanplas  iisvo  bean  shipped  to  tlPDL,  Special  jl^*  as  shown 
on  the  attached  skstch  should  be  made  by  the  laboratory  for  these  tests.  TSfo  aanplas 
should  be  ratalncd  for  possible  tesClnR  at  a  later  date— one  sample  should  be  subjccte 
to  the  standard  freeze-thaw  test,  and  the  raastnlng  five  samples  should  be  tubjacted 
to  the  pressurized  wet-dry,  freeze-chsw  test  as  daaerlbed  below. 

last  Procedura 

Clsap  tho  ssaplss  In  the  jig  ss  shown  on  the  attached  skstch.  The  bolts  s^tould  bs 
svonly  tonzusd  so  tliat  their  total  Initial  load  will  bs  squsl  to  the  force  exerted 
egslnet  the  top  piste  by  the  sir  prsssure.*  Air  dry  tha  ssnplss  In  ths  JlR.  Fill  the 
reservoir  botvesn  ths  top  plats  end  the  Clsee  Con  eurface  about  half  way  with  water. 
Apply  the  required  sir  pressurs*  end  Buintaln  It  for  1  hour.  Puslaase  the  prsssure, 
empty  ths  water,  and  totally  freeze  the  test  apeclman.  After  the  totel  speclman  hoa 
been  frozen,  renova  It  fron  tho  freezing  chamber  aud  tnaedletely  fill  the  reservoir 
about  half  way  with  cool  water.  Apply  the  required  air  preeeure  asaln,  being  sure 
ebat  the  water  Is  not  frozen  et  the  cine  elr  preaeurc  Is  applied.  Rspsst  tha  proceso 
until  fsllurs  or  300  cycles. 

(COSTIKIIDD) 


U  NAME  FHO  TITLE  OF  OROERINa  OFFICER 

BICIARO  L.  CUU.IXSON 
Chlsf,  rui  Br. 


Zlf^un-76 


ORICINATIMC  FINANCE  AND  ACCOUNTING  OFFICE  AFFROVAL 


%r^%%JiSS^fe(J5’''''‘B^t3305X3I»000  96x3122  Const.  Cen  CE  Civil 


b  amoumt 

$13,000e00 


Services  to  be  performed  pursuant  to  this  order  are^^ope^^hi^^eable  to  the  appropri¬ 
ations  or  other  accounts  indicated  above  until _ _  _  _ the  expiration 

dalE  01  this  Older  fo.,  .  .  V.„, 


I0«  TVPeO  MAMC  ANO  TITLC  Of  ^PPAOVINC  OfflCCM 


T.  w,  H)RSE 
Ch|  V!fK  Uraoch 


ACCCPTIMC  OFFICtR 


THE  above  teams  AMO  COMOtTIONS  AMC  SATiSf  ACtORV  AND  AMC  ACCEfTEC 


DA  S??“.a2544 


SIC»L*CCtMMKVIOV/*COir<OMO'  TMI»  rOMM  ANDO*  TONM  IBIB  <  J  tk 
or  WmiCM  WiLW  «■  IBBUCO  AMO  WB€0  OMT*c  1  OC  t  BB  UNLtBB  BDOMin 

BB  BBVBBaaaav  sB'ATiBB  Ar«ic<  ibbb  b -f tB-ts* 
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NWES-FM 

SUBJECT;  Performing  Special  Freeze-Thaw/Wet-Dry  Tests  on  Lower  Monumental 
Concrete  Samples 

^Sample  //I  pressure  equals  1  to  2  psi 

••  n  -  "  "  11  psl 

"  in  -  ’’  "  22  psi 

"  itU  -  "  "  33  psi 

"  it5  -  "  "  AA  psi 

The  amount  authorized  by  this  order  may  not  be  exceeded  without  prior  approval 
of  this  office. 

billing  will  be  on  SF  1080  or  other  applicable  media  and  will  cite  the  order 
number  shown  in  Block  2a  above.  Indicating  either  a  partial  or  final  billing. 
Receipt  of  final  billing  will  constitute  a  termination  of  this  order  and  an 
avitumatic  withdrawal  of  any  unused  balance. 
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S/FZ/^e. 
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AOORt  N(  PL  r  TO 
niMLCTL" 

IMOI  TO  ittDIV  IDUALS. 


U  S  ARMY  ENGINrCR  DIVISION  NORTH  PACIt  1C 
CORPS  OF  ENGINEERS 

north  pacific  division  matcriaes  laboratory 

Mr  I  BOX  I2A 

TROUTOALC  OREGON  BTOftO 


NPDEN-GS-L  (77-C-5)  27  September  1976 

SUBJECT:  Lower  Monumental  Navigation  Lock  Repair,  Preliminary  Report  of 

Freeze-Thaw  Tests  on  Fiberglas  Coated  Concrete  Beams 


District  Engineer,  Walla  Walla 
ATTN:  NPWEN-FM 


1.  Please  reference  DA  Form  2544  request  No.  E-86-99-0016  dated  14  July 
1976  with  Inclosed  drawing. 

2.  Following,  with  results  complete  to  date,  is  report  of  freeze-thaw  tests 
made  on  six  nominal  3 . 5x4xl0-inch  fiberglas  coated  concrete  beams. 

3.  Beams  were  sawed  from  chunks  of  concrete  sampled  during  the  navigation 
lock  repairs  (Ref.  NPDL  W/0  75-C-797).  A  nominal  1/2  Inch  layer  of  fiberglas 


coating  (Glass-Con)  was  applied  to  one 
One  beam  was  subjected  to  the  standard 
and  five  are  currently  being  subjected 
test  requested.  One  additional  sample 
uc  a  later  date. 

4.  The  1/2-inch  fiberglas  coating  was 
of  rapid  freeze-thaw  as  follows: 

Cycles  of  Freeze-Thaw 

99 

178 

261 

300 


DFL300  -=  69.7 
Wt.  Loss  =  157. 

A  photograph  was  taken  of  the  eroded 
available. 


3x4xl0-inch  face  by  a  private  company. 
CRD-C20-75  freeze-thaw  test  exposure 
to  the  pressurized  wttpdry  freeze-thaw 
has  been  retained  for  possible  testing 

essentially  destroyed  by  300  cycles 

_ Remarks 


Estimated  2/3  coating  remains 
Coating  thickness  -  0.25" 

21  pieces  of  stone  vlsable  through 
fiberglas 

Stones  visable  throughout  coating, 
loose  fibers  in  remaining  fiberglas. 
Estimated  thickness:  0.0-0.10" 


rface  which  will  be  forwarded  when 
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NFUF.N-GS-L  (77-C-5)  27  September  1976 

Subject;  Lower  Monumental  Navigation  Lock  Repair,  Preliminary  Report  of 
Freeze-Thaw  Tests  on  Fiberglas  Coated  Concrete  Beams 

5.  Five  beams  are  currently  being  tested  by  the  requested  pressurized  freeze- 
thaw  method  at  pressures  of  2,  11,  22,  33,  and  44  psi.  The  beams  are  assem¬ 
bled  in  jigs  which  allows  water  under  Che  above  pressures  to  be  applied  against 
the  fiberglas  coated  face.  The  jigs  are  loaded  to  insure  a  minimal  compressive 
load  on  the  fiberglas  concrete  interface  when  the  pressure  is  applied.  The 
test  procedure  is  to  remove  the  beams  from  the  freezer,  set  in  ambient  air  for 
one  hour,  for  thawing  inspect  for  damage,  apply  water  under  pressure  for  one 
hour,  drain  the  water  and  return  to  the  freezer.  One  cycle  is  completed  per 
day.  The  requested  wetting-drying  portion  of  the  test  Is  not  applicable  as 

the  beams  stay  moist  throughout  the  test  due  to  condensation,  etc.  The  five 
beams  have  23  to  2b  cycles  of  freezing  and  thawing  to  date  with  no  visable 
damage . 

6.  Additional  results  will  be  forwarded  as  available. 

.Jx'fT  0.  E.  BOKCE 
r  Director 
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AOOHl  Hi  PI  r  TO 
OlHI  C  I  OM 
f  fU  I  NO  ‘  V  tOOAi.  S 


U  S  ARMY  CNGINECR  DIVISION  NORTH  PACIFIC 
CORPS  OF  CNGINEERS 

NOPtH  FACinC  OlVItlON  MATtRIALt  LASORATORV 
MT  ]  BOX  UA 

TROUTOALC  ORtCON  •70«0 


NPDEN-CS-L  (77-C-5)  18  February  1977 

SUBJECT:  Lower  Monumental  Navigation  Lock  Repair,  Report  of  Freeze-Thaw 
Tests  on  Glass-Con  Fiberglass  Slabs 


District  Engineer,  Walla  Walla 
ATTN:  NPWEN-FM 


1.  Please  reference: 

a.  Your  DA  Form  25AA  request  No.  E86-99-0016  dated  14  July  1976. 

b.  Our  report  this  subject  dated  27  September  1976. 

c.  NPD  Form  JOO  dated  27  December  1976  covering  transmittal  of  two 
nominal  3/4x3xS-lnch  samples  of  Glass-Con,  one  with  and  one  without  latex 
admixture . 

2.  Attached,  completing  all  work  requested, is  report  of  freeze-thaw  tests  on 
the  above  mentioned  samples. 

3.  The  Glass-Con  slab  without  latex  (Sample  No.  1)  had  gained  In  height  and 
weight  and  started  to  split  along  the  longitudinal  axis  by  47  cycles  of 
freeze-thaw.  At. 95  cycles  it  appeared  the  sample  could  have  been  separated 
with  finger  pressure.  The  test  was  terminated  at  214  cycles.  The  slab  with 
latex  (Sample  No.  2)  showed  no  measurable  or  visual  deterioration  after  300 
cycles  of  freeze-thaw. 

4.  Photographs  of  the  beams  after  test  will  be  forwarded  when  available. 


1  Incl  (dupe) 
as 

Copy  furnished; 
NPDEN-GS 


0.  E.  BORGE 
Director 
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NPDEN-GS-L  (77-C-5) 


18  February  1977 


LOWER  MONUMENTAL  NAVIGATION  LOCK  REPAIR 
REPORT  OF  ACCELERATED  FREEZE -THAW  TESTS  ON  CLASS -CON  SUBS 


Sample  No. 


1 

2 

l .  Type 

W/0  Latex 

With  Latex 

2.  Dimensions: 

Inches 

0.8X3XS 

0.4-0. 8X3X5 

_ Test  Results 

Weight!^  Height!/ 

No.  Cycles-^  Chg.  X 


F/T  1  2  1  2  _ Remarks 


10 

- 

- 

- 

- 

No  visible  action. 

47 

+2.7 

0 

+15.1 

0 

No.  1  -  Surface  spalling, 
splitting  on  axis.  No.  2  - 
No  action. 

69 

+  1.4 

+0.9 

♦  18.7 

0 

No.  1  -  Sand  site  particles 
eroding,  crack  widening. 

No.  2  -  No  action. 

95 

+2.7 

+0.9 

♦29.5 

0 

No.  1  -  Surface  eroding, 
sample  splitting  In  half. 

No.  2  -  No  action. 

128 

+  2.7 

♦0.9 

♦  17.1 

0 

Same  as  above. 

155 

-10.4 

♦0,9 

♦  15.1 

0 

No.  1  -  Washed  slab  prior  to 
measuring,  all  surfaces  eroded, 
crack  extends  through  slab. 

No.  2  -  No  action. 

193 

- 

- 

- 

- 

Continuing  same  as  above. 

214 

-32.0 

+0.9 

** 

0 

No.  1  -  Slab  split  in  two  along 
longitudinal  axis,  stop  test. 
No.  2  -  No  action. 

300 

- 

♦0.9 

- 

0 

No.  2  -  No  measurable  or  visual 
change . 

NOTE  : 

U  Slabs  were  placed 

in  1/4 

Inch  of 

water 

and  cycled  from  0  to  40F  at  rate  of 

12  cycles  per  day. 

2/  Plua  means  weight  or  height  increase,  minus  means  loss. 
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EXHIBIT  5 


APPLICABLE  SPECIAL  AND  TECHNICAL  PROVISIONS  OF  THE  REPAIR  CONTRACT 
Item  Description 

1  Specification  “Special  Provisions," 

Pages  SP-1  and  SP-13 

2  Specification  Section  lA,  "Environ¬ 

mental  Provisions,"  Pages  lA-1  thru 
lA-2 

3  Specification  Section  IB  "Supplemen¬ 

tal  Requirements,"  Pages  lB-1  thru 
lB-5 

4  Specification  Section  1C,  "Measure¬ 

ment  and  Payments,"  Page  lC-1 


5 


Specification  Section  3A,  "Surface 
Coating,"  Pages  3A-1  thru  3A-12 


Serial  No.  DACW68-8U-B-0018 


SrFCIFICATlONS 
PAKl*  I 

SPFnA4.  PROVISIONS 

Si-1.  COMMENCtMF.NT.  PKOSECLTF  [ON ,  AND  COMPLETION  OF  WORK  (1965  JAN).  The  Contrector  will 
bo  required  to  cummer>ce  work  under  this  contract  within  10  calendar  days  alter  the  date  of 
receipt  by  him  of  notice  to  proceed,  Co  prosecute  said  work  diligently,  and  to  coaplcte  the 
entire  work  ready  for  use  not  later  than  the  time  limits  specified  hereinafter.  The  time 
stated  for  completion  shall  Include  the  final  cleanup  of  the  premises.  (DAA  7-602.44) 

SP-1.1  The  Contractor  ^hall  complete  all  surface  coating  and  painting  work  by  not  later 
than  1200  hours  03  April  1980. 

S!*-1.2  The  Contractor  sliall  complete  all  remaining  cleanup  and  demobilisation  work  by  not 
later  than  18  April  1980. 


SP-l*J  Limited  Wotk  Period.  The  malnten.rn<e  and  operation  ot  the  navigation  lock  shall 
take  precedence  over  all  contract  work,  and  n<>tliing  shall  be  done  by  the  Contractor,  his  sul- 
roncractors  or  employees  which  will  hinder.  Interfere  or  prevent  operation  of  the  navigation 
link,  except  during  the  two  lock  closure  periods  scheduled  as  follows: 

(1)  A  24-h<)ur  lock  closure  period  on  10  March  1980. 

(2)  A  3-week  lock  >  losure  period  from  0100  hours,  16  March  1980  to  2400  hours. 

"1  Apr  1 1  1‘j80. 

ri'<|iu'Si I'd  bv  the  Contractor.  ti«e  lock  will  be  unwatcred  below  tallwater  level  by  Government 
pof '..mnol  ,  except  for  -lin. ir  leakage  so  Chat  the  area  inside  r be  Jock  wjjj  be  available  for 
riM.ifed  w<  rk  bv  IH  Mari»i  1980.  All  Contractor  mattrlals  and  equipment,  other  than  floating 
pl.jtu.  be  removrvJ  fr.’w  tn-tde  the  lock  hy  2400  hours  04  April  1980 

''''-l.‘  Other  Hest  rlt  t  t<ins  and  Cc^currenl  WojJi.  Work  areas  and  scheduled  restrictions 

ind  liniic  It  ions  due  to  th«>  presently  anticipated  schedule  of  work  to  be  performed  In  these 
irt-i^  t.  t  ff.ers  shall  he  considered  hy  the  Contractor  In  scheduling  work  to  be  performed  In 
at  (  <.r<l.4n>  ••  witf)  the  above  lompletlon  dates. 

sp-1  «.l  Modify  (.ate  Seals-  The  seals  on  the  navigation  lock  upstream  gate  will  be  modi 
li.  t  b,  i..ivernmeni  personnel  during  the  scheduled  3~week  lock  closure  period,  I'se  of  the 
.<  ■trva'^  gate  tor  the  Cont  rac  ( v>r  *  s  operations  will  not  be  allowed  during  the  3-week  lock 
•  *.  I  fsure  pi;rio<ii  however,  the  downstream  gate  will  be  operated  by  Government  personmel  for  the 
(  >ntractur's  convenience.  When  Che  floating  bulkhead  le  set  Into  place,  to  facllltata 

lowering  the  lock  water  level  below  tallwater  level,  the  dovnetream  gate  will  not  ba  oparatad 

f  T  the  (.one  rac  cor  '  s  convenience. 

SF  2  .snd  SP-3.  OELFTFO. 


EXHIBIT  5 
Item  1 
Page  1  of  2 


HI.  791)H18 


SP-28. 


t'ayment  for  mobilization  and  preparatory  work,  payment  item  no. 


1 


(1979  MAR) 


SP-ZH.]  PAyuentt  will  be  medc  under  this  contrect  on  the  ectuel  cicpendlturee  Mde 
by  the  Contrectcr  for  aoblllzetlon  end  preparatory  work  under  payment  Item  No.  i  aa 
followa:  The  Contractor  may  aubmlc  to  the  Contracting  Officer  certified  accounta  of 
Che  actual  paynenta  made  by  him  for  conatructlon  plant  exceeding  $10,000  in  value  per 
unit,  aa  appraised  by  the  Contracting  Officer  at  the  alte  of  the  work,  acquired  for  Che 
execution  of  the  work;  for  the  transportation  of  all  plant  and  equipment  to  the  aite; 
for  material  purchased  for  the  prosecution  of  the  contract,  but  not  to  be  Incorporated 
In  the  work;  for  construction  of  camps,  access  roads  or  railroads,  trailer  courts, 
mess  halls,  dormitories  or  living  quarters,  field  headquarters  facllltlea  and  construction 
yards,  and  for  personal  servlcea  and  hire  of  plant  on  work  preparatory  to  comeancing 
accuel  work  on  the  construction  items  for  which  payment  la  provided  under  the  terms  of 
the  contract.  Accounts  so  submitted  must  be  sccompanlcd  by  certificate  of  the  Contractor, 
supported  by  receipted  bills  or  certified  copies  of  payrolls  and  freight  bills,  shoving 
rhst  he  has  acquired  said  constructicn  plant  and  suterlal  free  from  ell  encumbrences 
and  agreement  that  It  will  not  be  removed  from  the  site  and  that  acructuras  and  facilities 
prepared  or  erected  for  the  prosecution  of  the  contract  work  will  be  malntalnad  and  not 
dlsoiancled  prior  to  the  coapletlon  and  acceptance  of  the  entire  work  without  the  written 
permission  of  the  Contracting  Officer.  If  the  Contracting  Officer  finds  that  said 
construction  plant,  material,  equipment  and  Che  mobilisation  and  preparatory  work  performad 
arc  suitable  and  necessary  to'thc  efficient  proaccutloo  of  the  contract  and  that  the  said 
preparatOT;  work  has  been  done  with  proper  economy  end  efficiency,  payment,  leee  Che 
prescribed  retained  percentage,  will  be  made  therefor  to  the  Contractor.  Teymeat  for 
construction  plant,  material  and  structures  and  facllltlea  prepared  or  erected  for 
prosecution  of  the  contract  work  ahall  not  exceed  the  coat  thereof  to  the  Comtrector  less 
Che  est lasted  value  upon  the  completion  of  the  contract  aa  datarmlned  by  tha  Contracting 
Officer.  In  no  event  shall  such  payment  exceed  100  percent  of  the  coat  to  the  Contractor 
of  any  auch  Items  which  hava  no  appreciable  salvage  value  end  75  percent  of  the  cost  to 
the  Contractor  of  such  items  which  have  an  appreciable  eelvage  value.  The  flodlnga 
of  the  Contracting  Officer  as  to  the  suitabllltv  and  value  of  the  construction  plant, 
equipment,  materials,  structures  or  fscllltles  shall  not  be  eublect  to  appeal. 

SP'ZH.?  Payments  for  mobilisation  and  preparatory  work  will  be  made  in  accordance  with 
3P*28.1  above,  and  auch  payments  will  be  deducted  from  the  contract  price  for  Item  No.  1  , 
"HoblUtatlon  snd  preparatory  work,"  until  the  total  amount  thus  charged  to  this  item 
reduces  this  item  to  tero.  after  which  no  further  payments  will  be  made  under  this  Item. 

If  the  tutsl  of  such  psyments  made  does  not  rsducs  this  Item  to  scro,  the  belenct  will  be 
psld  CO  Che  Contractor  In  the  final  payment  under  the  contract.  The  retained  percentage 
will  be  paid  in  accordance  with  the  clauae  of  this  contract  entitled  "Payments  to 
Contractor.' 


EXHIBIT  b 
I  tern  1 


serial  No,  UACi>i6l»«60«tt*00 16 


PAKI  IV 

UCHMcal  ^HuVlSlUNfi 
:>tLUUK  |A 

LNVl»<UNNtN|  AL  PHUftCTlUN 


I*  dCuHt, 

tA«  worit  covofoo  by  this  section  consists  of  funnisnintf  sM  Isbor#  ostsrisls  sno 
eviuip»snt  sno  psrforotnu  stl  Mors  required  for  the  protection  of  the  environoent 
Ouring  construction  operetions  evcept  for  tnose  eeesores  set  forth  in  other  TCCNNICAL 
HHOviblONS  of  these  Spec i f i c St i on s • 


i,  HtFLMtNCk. 

"btenoara  Methods  for  the  tssemstion  of  ester  end  nsste  ester#*  fourteenth 
tdition,  iv7b#  published  by  A^ericen  HubMc  Heslth  Associstion#  lOlS  Eighteenth 
Street*  N.h.*  eeshington#  0,C.  20016* 

i*  UtNtNSL. 

for  the  purpose  of  this  spec i f i cs t i on#  enyironeent  protection  is  defined  ss  the 
retention  of  the  environment  in  its  nsture)  stete  to  the  grestest  possible  eatent 
during  project  construction  end  to  enhance  the  netursl  eppesrsnce  in  its  final 
condition.  Lnvironment  protection  requires  considerat i on  of  sir#  aster#  and  lend# 
ana  involves  noise#  solid^aaote  msnageaent  and  Management  of  radient  energy  end 
reoioactive  meterieis#  es  Hell  as  other  poHutente,  In  order  to  prevent#  end  to 
provide  for  anetemcnt  end  control  Of#  eny  eny i ronmont e 1  pollution  erieing  from  the 
construction  ectivitiee#  the  Contractor  eno  Me  eubcontrsctere  in  the  Performence  of 
this  contract*  Shell  comply  aith  ell  eppltcebl#  federal#  State#  end  loce)  levs#  snd 
regwlstions  concerning  eny t ronmentel  pollution  control  end  sbstemont, 

**.  hbUf  ILA!  lUN. 

Ihe  Contreeting  Ijfficer  «ill  notify  the  ContreCtor  in  writing  of  sny  noncompHsncs 
Mith  the  efgrement ioned  federel#  Stete*  or  locel  le«s  or  regulstions.  Such  notice# 
Mhen  delivered  to  the  Contrector  or  his  euthonied  represent  et  i  vt  St  ths  Sit#  of  ths 
«or«*  Sh^M  la  deemsd  sufficisnt  for  th#  purposs*  Ih#  Contrsctor  shsll#  sftsr 
receipt  of  suCh  notice#  immedietely  inform  the  Contreeting  Officer  of  proposed 
corrective  action  end  tene  such  ectien  as  may  ba  approved.  If  the  Contractor  fails 
or  refuses  to  comply  promptly,  the  Contracting  Officar  may  taaue  an  order  stopping 
el)  or  psrt  of  the  «or«  until  setisfectory  corrective  ection  hes  been  teken*  No  pert 
of  the  time  lost  due  to  eny  such  stop  orders  shsll  bs  msd#  th#  subjsct  of  s  cleie  for 
c«tcr<tion  of  time  or  for  eicest  costs  or  osmsgss  oy  the  Contrector, 

*3  .  SUBC  U'.  I  h  AC  1  UhS  , 

Lompifa''ce  •Mh  tre  provisiona  pf  tni#  section  by  subcont  rectors  will  bs  ths 
r r Si  on s  1  r  1  )  1  I  V  of  the  Contrector, 

0  .  impt  IMl  I  A  I  ION  , 

Mrior  to  co'«'mence»ent  of  the  uork  the  Contrector  shell! 

(H  Submit  in  «rfCinu  hts  rroiosele  for  i mp I ement i ng  this  ssction  for  snvironment 
protect  ion, 

icf)  heat  Mitn  represent  at  i  ves  of  the  Contrseting  Officer  to  develop  eutuel 
unot*  r  s  t  and  1  ngs  relative  to  compliance  «i  1 1  n  thie  provision  sno  som  i  n  1  •  t  r  st  i  on  of  ths 
environment  iroteclion  program,  Aptroval  Of  the  Contractor's  pisn  for  snvironmsnt 
protection  ».  i  I  I  not  relieve  t  na  Contractor  of  hit  r  esPons  i  b  i  I  1 1  V  for  SOSQusts  sno 
Cont1nuin.|  control  of  pOllutSntS* 
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7.  PRUTtCIlUN  {)¥  LAND  KLSuUKCtS. 

Th«  I  tnd  r*«ourcet  Mitnfn  th«  project  bounaenee  end  outsine  tne  Mmite  of 
perwenent  work  perfornea  under  tMe  contrect  ehell  t>e  preieryeo  m  treir  preernt 
condition  or  be  reetored  to  •  condition  efter  completion  of  conetruction  tnet  wiM 
eppeer  to  be  neturel  ana  not  cietrect  from  tne  appeerence  of  the  project.  The 
Contrector  then  confine  hie  conetruction  'ictlvltiee  to  areee  aefineo  ty  the  plane  or 
epee i f 1 cet 1  one • 


PRUTtCTlUN  Uf  nAlth  KtSOUHCbS. 

famn^rf 1 .  The  Contractor  shell  not  pollute  streame#  lakes  or  reservoire  with 
fuele#  olle«  bitumensi  calcium  chloriae*  acids#  neroicides#  i neec t i c i des #  or  other 
heraful  eetenel.  The  Contrector  shell  mveetloete  eno  comply  with  all  appMcaole 
Federal#  State#  County  and  municipal  'awa  concerning  pollution  of  Surface  or 
subsurface  waters. 


Sol  I  I aaaa .  Special  measurat  shall  be  taken  to  prevent  chemicals#  fuals# 
oils#  greases#  bituminous  materials#  waste  wasnmgs#  sewegs#  chlorinated  solutions, 
herbicides  end  i  neec  1 1  c  1  des#  end  cement  and  concrete  dramege  from  entering  surface 
end  aubturfece  uetera, 

6,3  b 1 MPosA 1  of  any  materlele#  westee#  effluents#  trash#  gsrbege#  oil#  grease# 
cheeicele#  etc,#  In  areas  ejecent  to  streams  ulll  not  be  permitted*  if  sny  waste 
materiel  is  dumped  in  unauthorized  areas#  the  Contrector  shell  remove  the  materiel 
end  restore  the  area  to  the  original  condition  before  oemg  disturbed.  If  necessary# 
contaminated  ground  shell  be  esceveted#  disposed  of  as  directed  by  ths  Contracting 
Officer#  end  replaced  with  suitable  fill  materiel#  compseteo  end  finished  with 
topeoll  end  planted  as  required  to  r«eateblteh  vegetation. 


PRUTCCTIUN  OF  FISH  ANU  mRULlFt, 

Ihe  Contractor  ehell  at  ell  timos  perforiw  ell  work  and  take  such  steps  reouireo  to 
minimize  Interference  with  or  oieturbence  to  fish  end  wildlife.  The  Contractor  will 
not  bt  Permitted  to  alter  weterflows  or  otherwise  disturb  native  heuitst  eojecent  to 
the  project  areee  which#  in  the  opmion  of  the  Contracting  Ufficer#  ere  cnticAl  to 
f 1 f h  or  wildlife. 


10,  bUNNlNU, 

No  burning  will  be  permitted. 


U,  maiKTfcNANCt  OF  POLLUUUN  tONTWUt  FAClLiTItS  CONS  I MUC  T  i  ON  • 

During  the  life  of  this  contract  t^«  Contractor  shall  meintsin  eM  fsciMties 
constructed  for  pollution  control  under  inta  contract  as  long  as  ooaretions 
creating  the  particular  pollutant  are  being  carried  out  or  until  t^e  metertel 
concerneo  hee  become  atebiMzed  to  the  e>tent  that  pollution  is  no  longar  being 
created. 


iC,  UUAUlTT  CUNTRUL  ANO  CUNPtlANCL, 

The  Contractor's  uuelitv  control  system  end  tne  detailed  plans  submittea  m 
SPiClAt  HHOVlSiUNS  Shell  include  abatement  of  environmental  pollution,  disposol  of 
deorie  ono  wsetes#  control  of  dust#  <ina  other  appropriate  measures  to  effect 
compliance  with  the  provlaiona  of  this  section.  The  Contractor's  duality  control 
orgenltatlon  ahell  participate  in  rsQuired  iob  training  courses  on  environment 
protection,  Oeficlencles  or  noncomplience  ee  noted  by  the  Contracting  Uffictr's 
Kepreeent at i ve  will  be  eoministered  m  accord  with  the  procedures  specified, 
Hecurrlng  deficiencies  m  ebatemant  of  any i r onment e I  impecte  will  also  be  coneldereo 
adequate  reason  for  removal  eno  replacement  of  ineffective  Quality  control  personnel 
Including  Job  supervisory  staff  end  the  top  resident  project  meneuoh. 
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ILChnICAL  PM0V131UNS 
SLLIluu  10 

3UWPLtHtM  AkY  KtUUlHtMtNfS 


!•  ULNtkAL. 

I*^e  Mork  covered  oy  tms  tectior  of  the  tpoc  M  4  c  At  i  on*  contfitA  of  work  ce««on  to 
*yon«  than  one  tectton  of  theee  TtLHNlCAL.  PHQvlSlONS,  Nhtn  utod  4n  thoto 
Opoc  1  f  i  cet  1  ons  or  in  referenced  puDHcetionty  "Enotneer*”  it  eynonymouA  with 
•Conirecting  Ufficer," 


PLAM  AND  tirfUlPMtNT  LlSf« 

In  edoition  to  the  reou  i  recent  t  of  Stenaeeo  Por*  H  for  e  Met  of  ptent  end 
eggipment  proooeed  for  biooinq^  tf'e  Contrector  eheM  furnfeh  e  complete  Met  of  eM 
p)«nt  eno  enuiprtent#  ckclutive  of  ehop  eQuip*ent#  to  be  ueed  on  the  project*  In 
duolicete*  within  iO  deye  efter  dete  of  receipt  of  notice  to  proceed.  The  Contrector 
sneM  eubeit  ae  part  of  hte  end«of«the«eonth  request  for  peyment*  up*to*dete  plant 
eng  eouipment  Mate  throuQf'Out  the  Mfe  of  the  contract.  Lists  shsT  1  Include  rented 
equipaient  as  Mell  as  1eese*purchase  or  sele*1eaaebeck  eaulpnent.  The  Initial  Mat 
eng  the  revised  monthly  Mats  shall  Indicate  dates  equipment  Is  asslonod  to  or 
removed  from  tne  project#  dates  desdlineo  for  repairs  and  raturnad  for  use#  and 
aoeauete  i cent 1 f i cat i on  or  description  pf  each  item  of  equlpeent  Including 
mang f ac t u re r * 8  name  ( abb r e v 1  a t ed ) #  model  number#  manuf acturer*s  aerial  number#  and 
Contractor's  assiyned  serial  or  recoro  number. 


i,  hAuL  NuAuS  AND  ACCtS3  hijAUb. 

££iu.*LfiU.aa^ad-ii«4La£4iiM-dl.LKiJiJiaa-t«£XlliXtt> 

Ihe  Contractor  shall  protect  ell  eslsting  fecIMtIes  oened  by  the  Government  ane 
other  contractors#  vhether  or  not  shOHn  on  the  dremlngs#  during  the  life  of  this 
contract,  upon  completion  of  the  «*ork#  eM  the  esiating  facilities  not  Included  es  s 
portion  of  the  «ork  shell  be  left  m  a  condition  equal  to  the  originel  condition 
prior  to  tha  contract.  Coats  for  maintenance#  repeir  enq  reetoretlon  of  eny 
facilities  Shall  be  eonsiaerea  to  be  Inpldentel  to  end  Included  In  the  bidding 
schedule  prices, 

LAiAL^oa^L&AMA-Haas^z* 

for  aork  areas  at  the  nevigetlon  lock  deck#  ealsting  eccess  roeds  shall  be  kept 
open  to  traffic  at  ell  times,  The  Contrector  Is  responsible  for  control  of  traffic# 
Derricsdes#  signs#  end  fleumen  as  approved  by  the  Contracting  Officer. 


CCCAUuN  UF  CUNThACIUH'S  OfflCt  kAKKlNC  Of  PHlVATE  VEMiCLtS. 

Ihe  contractor's  jobsite  office  or  offices  shsM  be  located  to  thet  people 
visiting  the  Contractor#  Such  es  talesmen  or  personnel  seeking  employment  will  not 
have  to  enter  the  vork  area  to  get  to  the  office.  No  perking  of  private  vehicles 
shall  ue  permitted  in  the  »orklng  erees  except  es  otherwise  epproved  by  the 
Contracting  Officer, 


b,  lutN  I  If  ICAT  lUN  Uf  VtHUCtS, 

In  order  to  keep  proper  control  of  vehiclma  in  the  work  area#  ell  Contractor's 
vehicles  Shall  display  suitable  permanent  identification. 
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tXlbllNb  SANllAllUN  »>ALlLlMt:> 


facMM>es  a^all  t)e  fuf^ri's^co  i>y  tr>e  Cof^tractor  in  accorjance  «» i  t '' 
tM  36S*1«1,  tiiating  out>)ic  toMAt  ^actMtict  Mill  not  ba  availatle  ton  uta  Dy 
Contractor  parsonnal. 


7.  HAYhULtS  and  APHhf'.l  KtSMlPb. 

Attantion  It  oirectaa  to  LLauSL:  ►Atr^l:ULI>  Auu  oAJ>iC  KLLuHl’b  of  tne  &t‘<t^AL 
PMUVISIUNS.  This  paragraph  reouiret  weakly  toOff>>ttal  ot  all  cayrollt  for  pri^ne 
Contractor  ano  tuocontractora.  Jt  it  to  L>a  note-i  that  the  aiidrett  anj  bocial 
Sacuniy  Nu^oar  of  each  person  is  to  be  incluoeo  i  t  h  the  first  s<jp"“»ttel  of  the 
worner'a  nai^a  on  the  payrol). 


t»,  POWCnA^t  UWbfcffS. 

Three  legible  copies  of  all  purchase  orders  for  Aiaterials  i  ncorporat  eo  into  the 
work  thOMing  firm  names  and  aUorasses  ano  list  of  materials  shall  oe  furnished  the 
Contracting  Officer  as  soon  as  tssuei/  ano  I'n-nediate  notice  shall  tie  u'^en  hir  of 
receipt  of  any  material  for  the  work#  together  with  detailed  lists  of  the  sera. 
Urdara  Shall  contain  the  contract  numcx^r#  aptlicaule  mo  item  numt.er#  an^  the  piece 
mark  ngmoar  of  the  Item  being  purchased.  l^urchase  oroera  shall  include  the  name  anc 
address  of  the  manufacturer  ana  faortcatior  site. 


UTiLlTItS, 

“•1 

No  Uova  rnmant  *  f  <J  rn  1  Shed  »istar  is  avallaile. 

All  reasonably  reauireo  amounts  of  electric  power  Mill  be  maaa  available  to  the 
Contractor  cy  the  Uowernment  from  tfie  Government  •owned  or  •operated  electrical 
eystama  at  the  project  ano  will  be  supplied  without  cost  to  the  Contractor,  Power  is 
a.eilable  from  esieting  4b0«volt/  i*phasey  30wampere  (mailmum)  receptacles  located  at 
anos  of  the  navigstion  lock  upper  geek  and  fro*  Wu«volt»  lS»ampere  receptacles 
located  et  intervals  on  the  nsvigatien  lock  upoer  deck.  a|)  temporary  connections 
Shell  be  Subject  to  the  spprovs)  of  the  Contrscimg  officer.  am  electricity  shall 
be  cerefully  conserved.  If/  for  eny  reeson.  the  Government  is  unable  to  furnish  sM 
ressoneble  smounte  of  electric  poaer  reouireo  by  the  Contractor  in  the  parforranct  of 
thia  contrect#  it  ahal I  be  the  responsibility  of  the  Contractor  to  provide  an 
adeuuate  aupply  of  electric  power  at  hit  own  aapense/  subject  to  reimbursement  by  the 
Government  on  an  actual  cost  basis  for  t^e  power  used.  No  separate  payment  will  be 
made  for  the  cost  of  labor  or  materials  furnished  bv  the  Centrector  for  installation 
of  auch  alternate  power  supply.  The  location  of  all  i>o«erMnea  and  all  temporary 
connectiona  for  electricity  shall  be  subject  to  the  approval  of  the  Contracting 
Ufficar.  AM  temporary  circuits  ano  devices  shaM  be  furnlthenr  installeor  connected 
and  maintained  by  th»  Contractor  in  a  work"'anMke  manner,  ano  shall  be  removed  d»  the 
Contractor  in  like  manner  at  his  ekpensa  prior  to  final  acceptsnee  by  the  Government, 

9,1  LOBCLCUUa-llC. 

‘yo  Gova  r  nmen  t  •  f  urn  1  8  hed  compressed  air  is  available. 


10,  ItMHGKAKy  ttCtTf<lCAt  «1*<1NG, 

The  following  requirments  for  temrorary  electrical  wiring  SuPpleme’^l  are  those 
noted  in  bectinn  HV  of  GtNLi<AC  5)AftT»  HtuUlNth’tMS#  b  i  ng  l  e-c  onouc  t  o'* 
wires  such  es  Types  eP.  k,  Nh.  T,  ano  In  wMl  not  be  installed  unprotected  along  the 
ground  or  walkweys  or  within  reach  n*  persons  on  grouno  or  wslk^avs.  These  wires 
Shall  either  be  protected  tiy  conduit  (evceit  Type  wM)  or  be  supported  by  inigiatort 
beyond  the  reach  of  persons,  Ihesa  -ire  types  are  not  scceil8t>le  for  fastcom 
lighting  ana  shall  not  be  used  with  insolation  piercing  sockets,  tor  festoon 
lighting  the  use  of  /^•conouitor  No,  I  r"  neoprene  brewery  Coro  is  accetlai  le  provloeo 


i 
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tr.^t  «here  coru  is  susr^^oeof  u«e  of  MeOye-typt  ttrsio  c)«mpt/  tuc^  ai 

"kc  I  1  ao  t  •  ”  type  KH  1$  usi^o  to  tre  strain*  Type  SU/  or  31  •ho))  D# 

ufttfo  corus  ^re  sui w.tt  to  e»treirt«  cuPoitioot  iuCh  ••  rocky  grouno^  v«h)c)t 

traitiCf  frequent  ''Ovet  ^lorg  the  grouno*  ono  frequent  expotur#  to  ffiotityre* 

Nunme  t  a  I  I  1  c  a^eethea  cai<le  <inj  serwice  entrence  caOle  ahall  not  be  uaeo  ••  portable 

torj  run  alo''w  the  groano  or  suspenoeo  in  the  air,  hhen  expoaeo  they  ahall  be  run 
tfg-iirat  dr<.i  Tostef>e<i  to  continuous  protective  a.rfaces,  lype  NM  tinOoorj  nonme  t  e  I  )  1  c 
sheathea  caole  ah^li  rot  le  eipoaeo  to  n.oieture«  lype  NhL  or  aervlce  cable  ahaM  ba 
useo  tor  outooor  i  ns  t  <*  I  I  at  i  or<  ano  bo«es  uaeO  tharenith  ahall  be  made  of  inaulatlng 

n.tiierial,  iai>i>eta  or  cutout  uoKes  mttalieu  uhere  expoaeo  to  moiatura  ahall  either 

oe  raintiyr(  or  srgit  ov  irotectea  from  -noiature,  ooiea  end  ceblneta  ahall  not  hava 
xtret  unu  laSs'ng  tnrouyt'  •  n « rp«>eageo  holes.  Inaividual  wiraa  ahall  antar 

(oaes  in  <.on<fuit  Or  tnruugn  noles  busned  witn  Insulating  matarlal*  Cablaa  ahall 

enter  loaes  through  bMShings  or  box  connectora.  kll  metai  whtch  ancloaaa  I i va 
electrical  c>nuuctors  snail  tit  groundea  « i  t  r  the  excabilon  of  laoletao  fixed  boxaa  In 
ory  Iccatiur':^  ano  so  placeo  that  persona  cannot  touch  the  box  and  •  i  mg  1 1  anaoua  I  y 
touch  OP  te  sihnuing  on  tre  grouno#  concrete  or  a  grounded  metal  aurface,  fh#  ter* 
"enclosure”  includes  sa  t  e  t  y  i  t  c  h  and  n  otor^atarteo  boxes,  panelboard  ancloaurca, 
s-itcn  ano  outlet  I'oxes,  arid  the  frames  of  portable  power  toola.  hiatal  atanoa  for 
i>ori«o)e  tlMuoligrts  aluo  shall  be  grounded.  eater»pipe  grounaa  ahall  ba  uaad 
•.honcver  (.ossnle,  )  "'^aue*  grounaa  ah<ill  provide  a  maximum  ground  raaiatanca  of 
onms.  i.ruuno  wire  connections  shall  utilixe  clampa  or  lugs  so  aa  to  provida  a 
riec  h  an  1  c  a  I  I  >  souno*  I  o«.  •  r  e  s  1  s  t  anc  e  connection.  Orouno  wirea  ahall  b#  of  the  alza 

stiecifieo  t' r  the  t.L.L,  anj  anal)  oe  run  or  protacted  to  avoid  injury.  if  subject  to 

flexing  or  viorotmn,  the  grouno  wire  Shall  ba  atranoao.  Grounding  of  portable 
electrical  euuU'ment  including  floodlight  atanoa  aha)}  be  accompMahao  by  maana  of  an 
f*Atra  conguctor  „  i  t  n  i  n  the  cora  ano  an  aooitlonal  contact  on  the  racaptacia  plug  ao 
arranged  trot  tne  circuit  and  ground  conuwCtora  cannot  be  i n t • rc h angao •  Ih#  neutral 
conductor  sral)  not  oe  useo  at  t ne  ground  conductor,  Hachsnical  protactlon  and 

■iranaiog  of  tne  grouno  conductor  ahall  ue  aoual  to  that  of  tne  circuit  conductors. 
If  a  Contractor's  tortaule  euuicment  haa  dlug  capa  which  «i)1  not  match  racaptaclaa 
eduirk.eu  .itn  a  jroutunng  connection,  r#  Shall  replace  the  coro  ano  plug  to  the 

k*ruiicr  type  o»‘0  i.erm.pen;{v  connect  groun.j  aire  to  equipment  case.  Uround  wires  in 

purtarle  coros  snaM  always  be  identified  tv  a  green  color  ana  neutral  conouCtors 
jna))  Le  white  or  dray,  ipecial  care  ansii  be  exerciaro  in  making  up  portaola  coroa 
tu  oc  sure  tf'dt  tne  circuit  ano  grouno  conductors  are  not  i  n  t  e  rc  henged .  The  fra»aa 
of  all  portal le  enwine^generator  plenta  snail  be  grounded.  Inis  will  uSuelly  enteil 
a  orjvt'n  grouf'i  aujicent  to  the  xschme.  I^e  neutrel  wire  of  plenta  having  an  output 
vulcage  of  voits  three*»ire  also  ahall  ba  grounded.  All  ungrounded 

cor'Uuctors  snail  be  protected  ty  tuaea  or  circuit  oraaxars  of  no  higher  ampara  rating 
thav  ailoweu  Or  the  -*,L,C,  Ire  Contractor  snaM  provioa  ano  maintain  in  use  on  the 
site  a  tuitjoie  ground  testing  oevice  ano  authorized  quality  control  personnel  ahall 
perform  t  e  s  t 'x  imtialiy  anu  s  uo  aeiiuen  t  1  y  whenever  temporery  wiring  ia  altered  to 
wssure  tne  adequacy  oi  " n-an*t<iede *  grounds,  eelomg  machine  leeaa  ahell  be  kept  free 
of  tare  spots  Hro  SuMces  Shall  be  fr.aoe  using  standard  insulating  splicing  devices 
made  tor  t'e  purpose,  tvery  motor  shell  neve  e  disconnecting  meena  in  sight  of  th# 
controller  location  or  arranged  to  be  locxeo  in  the  open  poaitiof'.  horh  on  all 
lei-porary  electrical  wiring  shall  i^e  parormad  only  by  Qualified  Journeymen 
h I ec t r 1 c 1  a*  s  .  lerporary  electrical  wiring  shell  oa  considered  as  incidertel  to  the 
wurx  and  no  separate  Payifent  will  be  made  tnerafor. 


II.  I*  1  ^  h  •*  I'L  A  , 

Lentractur'  njterial  stgrager  worx  ano  parking  areas  shall  be  as  approved  by  the 
Cont  rac  t  1  f'v.  'fticer  jna  as  inoicateo  on  the  urawinge, 

lif.  ual  r'l'ntNMUubt  iUieht  Utbh,  iPlLtnSY  bKlOGt,  ANU  tfAvlGAUUh  LUCK  bRiDCE 

Ar,u  r  oAl/Nm  T  , 

Ine  po-ernuuse  dec*,  st>i)lway  bridge#  and  the  navigation  lock  deck  and 

(PKige  may  pe  used  for  limited  accrss  to  tne  work  area  with  Contractor  vahiclae  Only. 
Mauling  of  mriteriali  anu  tranfiortmg  of  "'en  and  equipment  will  be  permitted  On  this 
roadway  Suijecf  to  a  loau  limitation  eauivalent  to  the  Standard  Highway  loading. 

I ne  Lcntractur  snail  protect  the  various  portions  of  the  atructuraa  from  damaga  by 
traffic,  .prevent  'material  from  falling  through  the  deck  openings#  and  alao  keap  the 
areas  in  use  cleaned  up  ano  oroerly  et  ell  times  during  use.  Vehicle  speeds#  special 
precautions,  arg  safety  measures  shall  be  as  directed  by  the  Contrecting  Ufficer. 
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Atl  Otoris  from  tr«  »ork»  AuCh  «•  cemrr>t  »4Ctia« 

tuMDcr  ana  uthar  da&ria  anal  I  oe  coHcctto  remowa<f  from  the  Mork  are>*  tiatir  eno 

u^apoita  af  o^f  pro>«ct  lang,  eoat%  uf  removing  oeoria  ahaH  oe  inctoahtal  to 

tha  Mori#  ano  no  aat.>hrata  payment  »tll  oe  <#00  tf^arafor* 


iO,  Ul5PCi>AL  \Jf  hA^U  MAItMlAL^. 

Co|\#ctior>  and  otapoaal  ot  aH  maata  mattriaia  anall  Da  performed  in  a  manner  and 
a<th  auch  nacaaaary  acatfo)uintt«  natti  ano  coHaction  facititiaa  ano  aooipment  aa  to 
prevent  any  acctua'*tal  or  daiioarata  diapoaal  of  matariaia  in  tne  lock  cnaritar  or  in 
any  Mater  area  at  the  cam.  All  floating  ri^nt  uaa<j  tor  atorage  ano  naulm'i  of  Jetris 
ana  Maata  matariaia  from  const rvict  1  on  oi>arationa  ah#)  1  nave  containment  ^aiis  a 
minimum  of  *-4  feat  in  haighC  ano  of  miotmue  i^incn  ttmoara  rigiu>y  mstailao 
■  urrounotng  the  datria  collection  area*  Loncrat#  matenala  ano  any  8anuL>  I  aa  t  1  ng  »and 
collactao  during  aurfaca  praparationa  ano  aurtace  coating  applicationa  arali  ne 
oiapoaao  of  at  tha  maata  oianotal  aita  muicatao  on  tna  oraMtnga* 


lb,  iLtOtilNAI  ION. 

1ha  Contractor  ahaM  turniah  all  plant#  eouipmant#  laoor  ano  matariaia,  eicepting 
uovarnmaot«f urni anao  alactricitv  and  area  floos  tighting,  to  inaure  aoeouata 
illumination  for  oparationa  m  accordance  Mith  the  proviaiona  of  lection  i*  of 
LH  30b«l«l#  CLNtHAL  iiAfllT  H  t  uul  N  t  MC  f«  1  b  •  Ina  term  "aaeouatc  1  I  I  um  1  nai  1  on*  aa  uaad 
harain#  anall  Da  conairuau  aa  tna  minimum  iiuntmg  reuuirea  to  provide  aatr  morking 
conoitiona  ano  provioe  aufticiant  light  to  oarmic  the  mork  to  te  uertormeo  in 
acceroanca  mith  the  plana  ano  apac  1  f  teat  tone  and  to  permit  complete  mat^ection  of  alt 
uork.  No  uirect  payment  «i U  oe  made  for  irovioing  auen  illumination  anp  the  coat 
thereof  ahall  oa  conaijareo  aa  incicantal  to  ano  incluuej  in  the  contract  lump  tu** 
price. 


la,  aUNh  AhtA  ACCtbb, 

Ina  Contractor  ahall  auPmit  for  approval#  any  acattolding#  laootr#  atairvay  or 
other  accaaa  achamea  na  propoaaa  to  uaa#  includtng  type*  layout#  an>i  tonnectiona. 
Approved  antiaitp  aurfaca  material  ahall  ua  inatallad  on  acaffoloiny  piatfurma, 
Scaffolding  anall  comply  in  every  reapact  Mitn  bAittr 
htuUlNiffCN  lb,  lha  Contracting  uffictr'a  at'proval  mill  not  be  conaioeryi  to  rel>eve 
the  Contractor  of  any  reaponaipi 1 1 ty  for  compliance  with  tne  contract  «nn  appticarle 
btata  lama,  Ina  Contractor  ahall  provide  ACCaaa  to  tne  uork  area  m  the  loca  cnamper 
for  the  Contracting  officer  or  any  inapector  at  all  ti*»eA, 


l/«  tuch  UPtKAIl0(4b  AI4U  CLCbUHt  VthiVtOb, 

lha  Government  Mill  maintain  lock  opcrationa  throughout  the  contract  parioo# 
aacapt  during  the  ^o^hour  and  the  3*waek  lock  cloture  penoua  acecifieo  m  paragraph 
*  5H*l,3  of  the  bPtClAL  PhUvlblUNS,  The  Contractor  «#«ll  be  given  aporo  k  1  nat  e  i  V  \  hour 
advance  notice  of  lockagea  to  alloe  removal  of  aduipment  ano  paraonnel  from  the  lock 
chamoer  ano  to  perform  any  nacaaaary  uierationa  to  alio*  interruption  of  tne 
Contractor'a  work  operAtiona  ao  iockagva  may  Ue  performeo.  Ire  average  time  for  a 
lockage  from  arrival  of  a  poat  at  the  lock  entrance  ano  completion  of  lockage  is 
approk imata I y  1  hour,  tockagea  ekceeun'w  I  hour  caused  uy  oelaya  due  to  tne 
Contractor'a  oparationa  auCh  aa  aplittinp  qI  tout  because  of  the  tontractor'a 
equipment  in  the  lock  ar>all  not  o«  «ade  the  auoiect  of  a  claim  against  the 
Government.  An  average  of  seven  commerci  >l  boat  lockages  are  ni#oe  each  nay  at  LoMtr  a 
monumental  Cock,  Ih#  aater  In  the  lock  «ift  tie  maintaineu  uy  the  PovernrHcnt  Mithtn  a 
range  of  feat  of  the  levels  requested  Dv  the  Contractor  to  facilitate  ria 
operations  at  any  time  Mhen  vorking  m  thr  lock  cnamoer,  Ihe  Government  vili  vary 
the  attar  level  in  the  lock  chamber  at  intervals  of  feet,  Ihr  Contractor 

Shall  notify  government  personnel  at  least  hours  m  aovanca  of  ar-v  neto  fur  an 
aoiuatmanc  in  vatar  level  in  tne  lock  ano  01  leaat  ad  hours  in  advance  of  the  neeo  to 
lower  the  water  level  nelow  the  tailwater  level*  mhen  tne  water  level  in  the  lock  is 
to  Pa  meintained  at  an  elevation  pelow  tailwatar  level#  the  uilterence  in  water 
levela  shall  ue  at  least  f  feet  ano  the  Contractor  shall  furnish  personnel  to  operate 
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UOw^rr^ftCrt  ow''*v  8  lo  C  U'' t  t  8  )  v  COr^trcl  tO  t^^At  tn*  dlffAtAnCA  1a  HfttAf 

levels  neeo**-i  to  se-if  ^'^e  unw^te^tn^  I'ulkhee*  >•  matrttA>n#o»  Iht  Government  will 
reo\jir«  ct  n<'or&  tu  rertciA'  t^e  aork  reQu*reo  to  unweter  or  rtMOter  the  lock*  The 
LoMCtfctor  sh.i{i  tc^eoule  )>  t  ^  Oi^e  ret  t  eo  that  tf^e  uovernment  will  have  time  to 

terturt  jn,  .ir>,. « t  e  r  1 1.  ^  o*  tnr  navigation  lock  itifhout  eitenoing  the 

•  c'ei’ute”  W'T*  owta'r  tfric  ). 


i  ,  At’l.r  4,1..  »•  I  g  I  U  1  L  .  i  •■!.  o  . 


1^*1  U«I.iXG-i.Gi.&S&«AG£.a4il.gaUc 

i^e  (>(.  w  I  I  r  f  1 1  ftiluvs  'inc  n-atntJitns  acceis  acroaa  tne  ciam  to  the  public  uemg 
vef  loin's  i\jryi\u  t^r  lolloping  nouf*  terioot  Ugrlnq  the  year: 

_ uuuijiji _  bay£A-iiuea-La-tubJac-i&c&u 
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I'-e  Cgntr«tctor  b'<all  atrjrtje  ri  i  s  oork  sche'>ulea  enu  operations  on  the  navigation  lock 
^rc<^  to  ••.iw'i'iin  ^  cietjr  single  I  Ane  access  Of  v*foot  wloth  through  hit  work  areaa  to 
dMuM  lut'tic  orcest  >.urir<.<  (he  alcve  litt^o  Puf'Mc  accaea  Periooa  ano  to  allow  ecceae 
L»  ttovt-rr.*.oi  vehicles  *it  all  ti«cs. 

^gulliiU^UXLXA  * i>he  loc«  ''ay  le  used  fiOljt  for  eecuring  floating  plant  In 
place*  tht'y  khail  Mct  Le  uSeJ  for  «iinching  or  Moving  of  floating  plant* 


l  •  0**fl  CLI-tthA.LL  r'hl^C.l  b  , 

**  prujecfoperatei  safe  clearance  i.roce<iure  w»M  oe  m  effect  during  the  contract 
I'crioo,  1. 1  I  v.»«raiic''  of  eiecvrical  switchee  end  mechanical  valvae  ehall  be 
coor-]  1  notou  ti’rou<^*.  t  no  Contracting  offtcer'e  wepreaen  t  at » va  with  the  dam  operatloht' 
office. 


£  'J  t  CL  >■  '  'icAl^iHO# 

ine  Contractor  $r>a)i  install  «  tetisfactory  fieani  of  commun  1  eat  I  on  eueh  ae  a 
te<e»ncr.a  c  i*  otn«r  reiiaile  coma  gm  cat  i  on  oevice  between  the  nevlgetioh  lock  upper 
ovc^  ar^o  tne  •orc  area  i'*  tne  loc^  Chamfer,  fne  Contracting  Officer  or  any  inepector 
s'  aM  l  e  (  r('vi<>e<i  use  of  the  comtnorM cat  i on  uevice  at  any  time  upon  requeet* 
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Serial  No.  DACWf.S-SO-E-OOl 8 
TKCHNTCAL  PROVISIONS 
SKCTION  1C 

MF.ASUREMF.NT  AND  PAYKENT 

1.  GENERAL.  In  each  instance  the  contract  price  for  an  item 
sliall  constitute  full  compensation  for  furnishing  all  plant,  labor, 
equipment,  and  materials  and  performing  all  operations  required  to 
complete  the  work  included  in  the  item  as  hereinafter  specified, 

as  shown  on  the  drawings,  or  as  otherwise  approved. 

2.  MOBILIZATION  AND  PREPARATORY  WORK  will  be  measured  for 
payment  as  a  complete  pay  item  (job)  In  accordance  with  paragraph 
SP-28  of  the  SPECIAL  PROVISIONS.  Payment  will  be  made  at  the 
applicable  contract  lump-sum  price  for  Item  No.  1,  "Mobilization  and 
preparatory  work,"  which  price  and  payment  shall  be  full  compensation 
for  mobilizing  all  necessary  equipment  at  the  site  and  performing  any 
necessary  preparatory,  work,  including  test  panels,  for  performance  of 
the  concrete  repair  at  the  lock  structure,  as  specified  and  approved. 

3.  LOCK  WALL  SURFACE  COATING.  The  surface  coating  of  the  lock 
wall  concrete  surface  will  be  measured  for  payment  as  a  complete  pay 
item  (job).  Payment  will  be  made  at  the  contract  lump-sum  price 

for  Item  No.  2,  "Surface  coating,"  which  price  and  payment  shall  be 
full  compensation  for  furnishing  all  required  materials,  equipment, 
and  labor  for  installation  of  the  specified  surface  coating.  Including 
surface  preparation  and  painting  stripes,  all  as  specified  and 
approved . 


*  A  ilr  A  * 
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I'MuviSiONS 
JilLHuia  S* 
3uN(*Ll  (.OAIIMC 


1.  SCUHt  lif  (iLiKR. 

The  aork  Covarca  Dy  thtt  (CCtion  conalat*  of  furniahfna  all  aatarlal  ana 
euuicmant,  and  parfornmu  all  labor  for  tl>0  praparatlon>  proper  1 4  on  <  nof  and 
application  of  a  ahotcrata  coating  to  tfia  tntarlor  aall  aurfaea  of  taa  navigation 
lock.  Coanon  tarainology  that  haa  uavalopad  rafara  to  tha  apaelalliad  ahotcrata 
coating  aa  tha  *ai>ray-on*  or  ’apray-up*  proccaa.  Th#  coating  ayataa  apaciflad  harain 
ahall  oe  applieo  to  all  concrete  aurfacea  (eacept  aa  notad  balow)  of  the  navigation 
lock  aalla  vlthin  tha  lock  chaabari  extending  froa  tha  laval  of  tha  roadaay  back  doan 
to  the  conatruction  lift  Joint  at  alevation  aJS.O.  Shoterata  coating  ahol|  net  be 
applied  to  tha  concrata  aurfacaa  of  tha  upper  a^ll#  ^l3ga  upatraaa  and  doanatraaa 
lift  gate  recaaaea>  aooring  TTtt  rae’eaVaa#  accaaa  “fadbar  racaaaaa*  and  tha  cable 
guaroa  at  ixenol  i  tha~<  I  ano  ^bT  InTt  I  a  I  p fTe  Pa  r  a  1 1  on~bT  aurracaa  to  faeatva  ahotcrata' 
"lay  be  performed  at  any  Fi ma  betaaen  lockagea  and  during  tha  achaduled  lock  cloaura 
perioda  aa  apecified  in  paragraph  SK'l.S  of  tha  SPECIAL  PHUkI31CJNS,  Application  of 
tha  ahotcrete  coating  ahall  be  performed  only  during  the  above  apaciflad  lock  cloaura 
perioda. 


2.  CEf.LPAL. 

Ihe  lock  uall  aurface  ia  da t e r I orat ing  through  failure  of  tha  mortar  portion  of 
the  Concrete.  Thia  la  primarily  tha  raault  of  freailng  and  thauing  while  tha  mortar 
ia  aaturated.  Tha  aurfaea  coating  to  be  applied  under  thIa  contract  will  protect  tha 
axiating  concrata  from  further  deterioration.  Hoaavar.  the  coating  material  ahal  I  be 
properly  mixed  and  applied  ana  «hal i  be  applied  only  after  tha  ailating  aurface  haa 
bean  thoroughly  prepared  and  cleaned.  Previoua  laboratory  and  field  taata  at  Lower 
Honunental  have  demonatrated  the  quality  and  practicality  of  doing  thia  work  under 
conatruction  contract.  Proper  and  thorough  advanced  planning  and  praparatlona  are  an. 
eaaantial  part  of  the  Contractor^a  oparat  Iona  "to  Inaura  that_aU  .  aiLT.f  aea  coating  work 

la  completao  aa  apecified  in  paraoraph  SP»l.t  of.  the,  SPECIAL _ f.£0.VIS.IONS  bacauaa  no 

additional  work  time  will  be  allowaal  A  detailed  and  axtanalva  report  concerning 
teat  reaulta  ano  obaorvatlona  made  during  application  of  the  material  to  a  trial  area 
under  a  conatruction  contract  during  Iblb  haa  bean  prepared  for  tha  Soyornmant  by  a 
conaultant.  It  includea  photographer  oatalla  of  production  ratea>  problama  with 
varioua  conatruction  tachniquea>  etc.  Thia  report  la  available  (one  par  bidder)  upon 
written  requeat. 


i,  CLhUUCr  UF  hUHh. 

3.1  glen  of  Uparatinij. 

r.  I  c  h  I  n  10  daya  after  the  date  of  receipt  by  him  of  notice,  to  proceadi  tha 
Con  t  rector  ahall  aubmit  for  review  a  nafal  led^lan^J  i^ena^^lor^  At  a  minimum  t  h  a 
plan  ahall  include  the  number  and  alia  oT**  crewar  heura*"*^?  anIVt  and  number  of 
ahifta.  tvoa  and  layout  of  plant  and  aquipmant  and  aequance  Of  oparaTl'on  for  bo t h 
aurfaea  prauaratlnn  and  aoplleatlon  of  au rfaco  Coating . 

3.2  aocK-afitisaulft" 

lha  Cnntrmetnr  ahall  aubmit  a  Complete  work  achodula  ot_propoaed_w.(ir^  prooroea  by 
not  later  than  IQ  daya  after  receipt  by  him  of  notice  to  proceed.  Tha  work  achadulo 
ahall  be  prepared  and  aubmittod  In  aceordainca  with  tLaUaci  rKOSRESt  CHART#  AND 
NLUUlNEHENTS  FUN  UVERTIHE  hURh  of  the  DEnERAL  PROVISIONS  end  ahall  bo  In  tha  form  of 
m  bar  chart  or  critical  path.  Aa  a  minimum  the  achadulo  ahall  Identify  aiajor  Itaae 
a  of  work,  ahow  duration  and  dotaa  of  work  Itamo*  ahow  float  time,  and  Indicate  any 
Interaction  with  Covornmant  work  being  parformad  during  the  contract  period.  The 
achadulo  ahall  Include  tha  Itama  of  work  Mated  below  under  paragraphl  .kmaumnem 

ftaU. 
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Contractor  oroi)  ac^eoulo  Mt  oi>«rt.iont  \r\  •cc'<’*  '  a'c  a  hM*'  foiio^ini 

•  •Qva^co  of  taork*  lb*  toortc  tequencti  wiven  oalow  tnir^'Oea  to  v*^ri«v  tc  •  nr 

Cov%rn»ant  thal  the  Contractor  >ilH  be  rkaiy  toperfor«  tn*  iret^arnttu"  ♦no 

coating  application  during  the  acbaOuleO  loch  cloaure  Mar*ow»« 

(n  |gat — ,  At  laaat  10  d«y»  priot  to  tf'e  tchruulro  owf  lock  clOhurc 

on  JO  H«rcn>  th*  Contractor  ahtll  ae«onatrtt«  h«i  aatnoui  ol  aurtacr  pnoaraiion  «• 
apacittao  in  paraeraphi  ftalo  Paaonat  rat  1  nii  »n.i  construct  suray-uP  test  t  Sn»  |  s 
apacWlao  tn  paraaraphi  afl£ijtsUo_Iejj_toOeJj^ 

(2)  Cflaliaa-ifiBlicAtiaa.l£iUl«-tJ.aji011aa-^SuU.  Ouriny  tna  ^o-nour  loo.  clotu'* 
parjod  on  10  March  tha  Contractor  ahall  partora  aurtaca  praparstion  ano  apu I y 
ftbcrglata  tioar  rainforcad  apray'up  coatme  natartal  to  the  Interior  loca  aalis 
bataaan  tha  conatruetton  lift  Joints  at  elevation  Sao.O  and  tha  roadaay  oect  level. 
Thia  work  shall  Pa  a  full  acala  taal  of  tha  Contractor's  plan  ol  oi'eratipn.  aora  i^ot 
complacad  during  this  tlaS  shall  oa  coaplatea  during  tha  5*weah  loca  closura  parloo. 

(})  Cpatlno  Aonllratton  Balfla  F I avnt 1  on.  .  4)1  requi  reo  sprsv'up  coating 

appllcatlont  on  tha  Interior  lock  uelle  ehell  be  perforaed  during  me  J-.eaa  ioc> 
Cloaura  psriod  at  tpecifled  in  paragraph  Sp*1,3  of  tha  SPtClhL  PHuvl&UlhO. 

4,  kPPLtCkbLC  PUHLlCkTlUNS. 

The  folloulng  publtcaciona  of  tha  taauea  listed  oclou#  but  rtferreo  to  tnereafttr 
by  basic  daalgnatlon  only<  fora  a  part  of  tnia  specification  to  the  e>teni  mdicateo 
by  the  rafarsncaa  tharatol 

( 1  >  toQxix>fl-£anct4t*-Xa«xxtm*-AmJL . 


kCi  50fe>6b 


Macoaaendad  Practice  for  Shotcratiny, 


C  t50<7aa 


Portland  Ceaent, 


C  173*T# 


C  231-78 


»lr  Content  of  freshly  nlsad  Concrete  by  tne 
Voluaetric  Method. 

Air  Content  of  Freshly  Mlsed  Concrete  by  the 
Preeture  Method. 


C  494-79 
C  665-78 


ChealctI  Adalaturea  for  Concrete, 

Concrete  aedc  by  Voluaetric  batching  eno  Continuou* 
Ml  a1 ng. 


5.  MATEPIALS. 
5.  1  Canaral  . 


*1 1 _ requlMd _ buentltlee  of  the  epecifled.  approved  aeterlele  ee  reuytred  to 

perfora  the  complete  iprev-tip  coating  aork  ehell  be  on  the  iebeite  prior  to  to  Harrh. 
Oua  to  the  laao  clae  required  for  aanyf aeturing  and  tranaportlng  of  tne  hereinafter 
ppec  f  f « 40 . 14HA  end  flboraldee  aetylels.  th#  Contractor  ihpll  lupnit  uuren.se  oroara 
tP  the  Contracting  Ufftcar  Inaleatfno  that  thaaa  aatanala  u.i.»  ni.nar«n  u.thm  s  n.u. 
altar  racaint  b»  him  of  notica  to  Preeaad.  asterisis  shall  be  protected  at  all  tiraa 
to  prevent  deaega.  contaalnatlon.  end  fraeiing. 


S.2  tamant, 

Ceapnt  ehell  confgra  to  A8TM  C  150.  Type  1  or  11,  lou  elkell/  Including  felee 
•  tart  reqyl  reaente.  Thd  Contractor  ehell  previ'de  euiteble  ctaent  car  1 1  f  lcat-ae 
phOMlns  that  the  chaalcal  and  phyalcal  propartlaa  of  caaant  delivered  to  the  Jobtite 
peat  epecifled  requi  ramante.  The  taapereture  of  the  caaant  ihal-l  be  oelo- 
150  dagraea  F.  at  the  tias  it  i*  uaad.  Caaant  ahall  ba  used  -tthtn  6  aanthe  of  the 
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of  IV  anu  f  «c  t  wrf>  •  LcaonI  t^iat  viao  tiean  aapooad  to  aoiaiur*#  coolalna  tu*pif  or 
Inat  va  ihlppad  to  the  i 00  aile  oprnad  packagea  aball  Oa  removad  fro*  the  pro|act 
ana  not  used  in  tnta  fora. 


S.it  AUffli^UfUAv 

Adiqiaturea  ah.ill  confora  to  aSTM  C  avo,  Typa  B  or  Typa  D.  Air-ant  r  a  to  I  ng 

AUgl a  1  urea  and  accelaratora  ahall _ noj  _oe  uacu.  It  anall  be  thg  Contractor'a 

ra apona  1 1>  1 1 1 1 y  to  be  certain  that  any  aanl a t urea  uVeu  ahall  be  coapatibta  elth  the 
cenent  and  latea. 

^ .  a  BAl&C  ■ 

nater  anal  I  oe  clean  and  free  froa  injurlo  ia  chealcala.  Potable  aetar  aay  ba 

uaed. 

b.S  Latea. 


Latea  ahall _ na  “Sayan  Ceaent  Modifier  3W*  foraulatlon  containing  appr oa 1 aa t e I v 

SU  percent  aoliaa  aith  an  anttfoaatng  auditive  avadaEle  froa  Doa  Chealcal  alth  a 
aalea  office  in  de|lavue«  aA/  Telaphonai  (206>4SS-72S0a  Mr.  Uoug  Head.  Mo 

auli*lXlulX00 _ for  the  latea  aaterlal  aill  Pe_alleaed..  Several  yeara  of  aatenalva  and 

tiae  conauaing  teata  hava  already  been  conducted  on  ai«aa  containing  latai 
f oraij  1  a 1 1  one  eouivalent  to  the  one  apaclflad*  and  the  Covernaant  would  require  acre 
tine  than  the  contract  period  alloxa  In  order  to  approve  a  aubatituta  aatarlal. 

S.b  tX&AxalUB-LLIULU. 

Fibara  ahall  ba  a  i  ng  I  a-a  t  r  and,  aul  t  tpla-f  1  laaant  r  a.I  Aa  M 'r^eaj  M  ant_  fibarolaaa  for 
use  in  ceaent  coatinga  aa  produced  by  Uveng  Corning  Fl  bang  I  aaa  Coapany,  /T^arglaaa 
lower.  Toledo.' UH  ASMS?.'  taVephonal  '  (At4)2A6*BBS2.  Mr.  n.  J,  Molloy.  The  fiber 

length  for  the  apray-up  coating  ahall  be  approa i aat e I y  3  to  A  Inchaa.  Me 

aubatifutinn  for  the  fibara  will  ba  allowed.  The  Covernaant  haa  already  conducted 
aavaral  yaara  of  long  and  aatanaiva  teata  with  alaaa  uaing  the  apaciflad  fibara.  and 
More  tine  than  the  contract  period  allowa  would  ba  required  for  approval  of  a 
aubatituta  naterial.  Acquialtien  of  thia  aatarlal  la  aubjact  to  cenditlona  Inpoaad 
by  Uwena  Corning,  It  ahall  ba  the  Contractor'a  raaponaibl 1 1 ty  to  aatlafy  the 

conoitiona  of  ourchaaa  of  thia  aatarlal. 


AaaixaBLe&. 

Only  fine  aggregate  will  ba  uaad  for  tho  ahotcrata  ala.  The  aggragata  ahall  ba 
obtained  from  the  Covarnaant-ownad  atockpila  Juat  upatraaa  of  the  da*  at  the  location 
indicated  on  the  drawinga.  Ihe  aggragata  ia  100  percent  aanutactured  and  waahad 
notarial  produced  fro*  larger  gravala  and  atockpllaa  aavaral  yaara  ago.  Typical 
gradat'.ona  of  tho  atockpiltd  natorlal  aa  they  wore  taatad  laat  yaar  and  uaad  In  a 
anal  I  aprav-uo  trial  are  liatad  at  tha  end  of  thia  paragraph,  Frotan  lunpa.  organic 
material,  ovaralccd  rock  and  other  foreign  aatarlal  ahall  ba  raaovad  fro*  tha 
aggregate  before  it  ia  uaad,  Tha  Contractor  aay  alact  to  acraan  off  tha  coaraar 
material  and  uea  only  that  aggregate  which  ia  finer  than  althar  tha  Mo,  A  or  No.  B 
aieve.  The  Contractor  ahall  porfor*  any  reqglrad  procaaaing  of  Covernaant-f urni ahad 
aggregate  prior  to  tha  atart  of  aprayup  coating  application,  Sublact  to  approval  bv 
the  Contractlno  Ufficar'a  Hapreaentat Iva.  th#  Contractor  aay  aubatituta  for  tha 
Covernaant-furnlahad  aggragata  a  prapackagad  ailica  aand  typically  uod  In  apray-up 
fnwtino  anniiratinna  and  furnlihod  by  an  eata~bHahad  auppTlar'.  ' 

TYPICAL  FINE  AGCHCCATt  CBAQATiOh  EHOM  IMF  COyFHMKItl.T  S10CKP1LL 


Sieve  Oaalgnatlon.  U,  B. 

_-.auai>jxd_AsuBcx.J9«sii _ 

3/8  in.  (O.Saa) 

Mo.  4  (A.TSaa) 

No.  B  (2,30aa) 

Mo.  la  (i.lBaa) 

NO.  30  (O.bOaa) 

Mo.  50  (0.30**) 

No.  100  (0.l5n*) 
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co»nN&  Fut<«uL*nijN 


formulation  for  the  apraymup  coatinp  ahall  Pa  oa  plyan  uelom.  minor 
variation#  nay  ba  approval  or  diractad  by  tba  Contracting  ufficer'a  Hepreaent at  1 va  In 
tha  flald  to  fit  aPacIfIc  condition#  aaiatlng  at  tha  t 1 na  of  placcnant,  Ircaa 
yarlatlona  are  primarily  Intendad  to  taka  Into  account  molalura  variation#  Oue  to 
evaporation  and  the  dasrae  of  molatura  In  tha  aggregata.  Ihay  n.ay  alao  tie  uaed  to 
adjuat  for  actual  apacIfIc  gravities  of  the  aggregate  uaed  and  to  provide  the  proper 
admiatura  affects.  *  change  to  different  cements  or  a  special  cement  auch  a# 
Type  111  or  Type  K  mill  be  approved  only  If  the  quality  of  the  finish  product  aill  be 
at  least  that  uhlch  aould  have  oaan  achieved  aith  {ha  specified  cemant>  and  only  if 
the  proposed  cement  has  damonatrsted  Its  Properties  and  performance  for  the  aame  type 
of  applications  In  the  past.  It  will  bs  the  Contractor'a  responsibility  to  oocuv'ent 
such  a  proposal  In  writing.  Approval  <a  sublact  to  the  Contracting  ufficer*# 
evaluation  and  la  not  guaranteed. 

aiicii.B£i&ttia-X£UueiUAzuu.c.uaiii. 


_ liiH _  aukdi 

hstsr 

Csaant  1720 

Fibers  117 

Lstsa  S20 

Fine  Aggregate  I  S60 

fi.H.A.  5  (oi)  7S 


ivnTt  I  I  Fine  aggregata  batch  walghta  shall  be  adjusted  for  moisture  ano  soecific 
gravity. 

^  Tha  doasgs  of  h.h.A.  may  vary  considerably  depending  on  the  source  ano 
concantrat Ion. 


7,  surface  PHCPARATION. 


7«1  fiuual. 

Prior  to  applying  the  sprsy*up  costlngr  the  surface  shall  be  prepared  by  _ ramcyin^ 

a l_l  loose,  unsound,  and  friable  asttrlal  and  oy  reap ving  all  Surface  contaminant' a 
such  as  dust,  silt,  old  curjng  cowpcund.  organic  gr'owth.  etc.  The"  curpoa'a  oT 
sppTyTng  the  costing  la  to  prevent  c  oVtT  nued  'de  I'e'rT  orat  i'bn"  of  t  he  mortar  portion  of 
the  concrete.  Oue  to  the  deterioration  that  has  occurred  to  data,  much  of  the  mortar 
Is  very  poor,  cruaibly.  and  friable.  Al  l  of  this  unsound  material  shall  be  comolate  1 » 
rsnovao  prior  to  application  of  the  coating.  However,  the  Contractor  will  net  ne 

rtftUlrRfl _ U _ ramova  unsound  eatarlal  to  depths  nreatar  than  Inches  from 

original, Iv  formed  vertical  wall  surface.  It  la  eapectad  that  the  average  depth  of 
removal  of  deteriorated  material  will  be  from  1/6  Inch  to  3/6  Inch  aa  measured  from 
the  ealatlng  surface,  A  cleaning  method  or  combination  of  methods  that  safely  ano 
thoroughly  performs  this  cleaning  without  undercutting  sapossd  aggrepsto  Is  raouirao. 
The  Procedure  used  will  ba  sublact  to  the  approval  of  tha  Contracting  Office r  af t a r  a 
field  demonstration.  Soma  possible  cieanlng  procedures  are  hfgh-preasure  w'atef'je't  a,"" 
alrwwstor  cutting,  sandblasting,  mechanical  brushes,  or  a  combination  of  theas.  In 
addition.  some  manual  cleaning  may  be  necessary  with  pneumatic  chipping  guna. 
bushhaomers.  and  hand  tools.  Satisfactory  moaauros  shall  be  taken  to  protect  the 
aapossd  surfacss  of  ambadded  metal,  the  painteo  surfaces  of  tha  lift  wstas.  ano  tha 
Staff  gaugas  from  damags  caused  by  the  Contractor's  operations.  If  a  lockage  occurs 

bstwesn  the  time  that  surface  preparation  is  complatao  ano  the  time  that  tha  coating 

Is  to  ba  sppllsd.  tha  surface  shall  be  hossd  down  with  wash  water  and  the  surface 
shall  air  dry  past  the  point  that  there  is  no  free  surface  moisture  prior  to 
application  of  the  costing,  Tha  Contractor  may  do  the  majority  of  surface 

preparation  bstwesn  lockages  wall  In  advance  of  the  shotcrste  costing  application 

dsto.  Howsvsr.  a  final  clsaning  during  the  lock  outags  period  and  just  prior  to  the 
actual  application  of  sprsy>up  materials  shall  be  necessary,  Accaptanca  of  surface 
preparation  will  be  dstarninsd  by  the  Contracting  Uff  leer's  Represent  at l ve  at  tha 
time  of  application. 


a 


I 
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Cutting  •t.alt  ^e  p«rfor<tteo  «>tth  «a  •ir-w«ttr  Jet  to  enpooo  cleon^  touno 
^wyregHtOf  but  not  oo  ••  to  unviercut  t^«  eogo«  d  tho  loryer  porticitt  of  oOgrogott* 
I***  otr  pr«&«ur«  u»od  in  jet  be  et  )ee*t  20o  p*i»ia  end  tho  wettr  prettute 
sneil  b«  ju»t  twMicient  to  bring  the  M«ter  into  effective  influence  of  the  eir 
pressure.  After  cutting#  the  iurfece  shell  be  wesheil  ond  rinsed  until  there  is  no 
trees  of  clouoineas  in  the  wssh  tester*  ehere  necesssry  to  remove  eccueuleted 
costings#  steins  end  debris#  uet  sendblesting  ney  be  required  es  the  lest  oPenetion 
before  piecing  tne  sprsyuP  Costing, 


alutiz££C*ZuttuaAlt£^tl* 

A  streee  of  weter  under  e  pressure  of  not  lose  then  b#S00  p,e,f,  esy  be  used  for 
cleening#  e«cept  thet  if  the  pressure  ie  found  to  ceuse  undercutting  end  to  remove 
encesstve  materiels#  the  Contrecting  Ufficer*s  Represent et i ve  uf I  I  direct  thet  the 
preesure  be  reduced.  If  the  teeter  Jet  ie  incepeble  of  eetiefactory  cleening  end  it 
ie  not  undercutting  eggregetee#  the  preesure  shell  be  increeeed  or  e  euppleoente) 
method  of  cleening  shell  elso  be  used,  Ih#  water  Jet  equipment  shell  have  e  rated 
capacity  of  et  least  )0#000  p*e*i* 

7.1.1 

(•et  sendblesting  shsll  be  continued  until  unsound  materiel  ie  removed  end  until 
ell  coatings#  steins#  sno  debris  ere  removed*  The  surface  of  the  concrete  shell  then 
^be  washed  thoroughly  to  remove  ell  loose  materiel*  Send  emitted  under  high  pressure 
from  blasting  nojilee  shell  gal,  meke  direct  contect  on  eny  metel  surfecet* 
Protective  meesuree  shell  be  teken  such  es  covering  the  Surfecee  with  plywood  or 
other  epprovsd  methods  in  order  to  comply  with  this  requirement*  Spent  bleeting  send 
shell  be  prevented  from  drifting  end  lending  on  machinery  end  on  the  greese*coeted 
cables  which  operate  the  lift  gates* 

T.i.o  e*ctiAai.c*i-Uxj(uaa. 

•••chtnic.t  cleaning  of  cf>e  concrete  turfeca  by  oaene  of  tpaclal  power'driven  large 
xira  bruafiet  or  abredera  oafignad  for  that  purpoaa  Mill  be  allOMao  if  they  raaova 
untouno  aatartal  ano  if  they  raaova  all  Coatlngtt  ataint>  and  oabrla  aithout 
fracturing  ano  dialodglng  large  aggregate*  Abrading  in  acre  than  one  direction  will 
prooably  oa  neeaaaary  in  order  to  do  a  aatielaetory  Job*  After  bruahino*  the  turfaea 
than  oa  xatnao  thoroughly  to  ranoya  all  looaa  aatariair  dutt*  and  dabrio, 

7*  Kb  t.i*lg*Ji**afiW£*110fi* 

In#  Contractor  ahal  I  oaeonatrata  tta  ability  to  moot  tpoclts .otion  raquiroaontt 
for  aurfaca  preparation,  Tho  flold  oeaonotrotion  aholl  bo  parfor.ad  on  a  olniaua 
bV'aouara  foot  aroo  of  oaiating  concroto  within  tho  lock  Choabor  that  will  lotor 
racoive  apray-up  coating*  The  oaaonat rat  ion  ahatl  bo  parforaad  at  approiiaat.ly 
elevation  %30.0  at  a  location  aalactad  by  the  Contracting  Ufftcar'a  Rapraaantst ive, 
baaonat rat i on  of  aurfaco  proporatton  ahal I  bo  parforaad  In  the  pn»trne»  of  tho 
Contracting  Ufficer'a  hapraaant at  I va*  The  Contracting  Officer  ahall  be  notified  at 
laaat  7  oaya  in  advance  of  tho  day  tho  Contractor  aalacta  to  porfora  tho  field 
oaaonat rat i on  ao  that  the  Covornaant  can  aaka  proper  arrangaaanta  to  provide  tho 
Contractor  a  aoiiaua  of  a  houra  undiaturbad  uao  of  tho  lock, 

7.1*6  &a»*co«*ol-Q.«*aiaa-tM«cl*os*  * 

Iha  Covarnaont  hai  obtorvod  varioua  clooning  tochniquoa*  aothoda,  and  Odwlpaont 
uaoo  to  roaova  unaound,  looaa#  and  friable  aatorialo  frea  the  datarlerated  lock  aall 
aurfaca*  lhate  include  pravioua  contractor  offorta#  apacific  trisla  dona  under 
purchaoe  order#  and  first-hand  aiparlanca  by  Covsrnnsnt  paraonnal*  The  following 
coaaanta  are  a  brief  auaaary  of  what  hao  been  obosryad*  They  are  aaoa  for  gonorol 
boogrouno  inforaation  only.  They  shall  not  be  conatrusd  as  an  ondoraoaant  or 
oiaspproval  of  any  aquipaent  pr  elasning  aothoda.  They  rapraaont  an  opinion  batod  on 
liaitod  saporionca  but  are  offered  here  so  that  tho  Contractor  hat  tho  bonofit  of  all 
inforaation  avoilabla  to  the  bovornaant* 

(1)  Atr-wator  cutting  at  low  preasuroa  (spprokiaatal y  TO  p.o.f*]  will  roaevo 
only  soaa  of  tho  loose  friable  aatarislo. 
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ii)  •rt««  •ggreg«ttt  typ<c«My  t«l/2  to  S  f  r>  tW*  protr^Ue 

Out  up  to  about  l/<t  fnch  paat  t^o  depth  of  uotO'‘1  ohat  o<i  concrete*  l^'Ote  ara  al^oat 
alwaya  tightly  bonoad  ana  do  not  naaa  to  tc  ra»ovaa« 

(S)  High^preaauro  uatar  Jat  «auiP«>ent  capabla  of  prasiuraa  up  to 

lOfOOO  p»aa1«  can  ra^rtpya  *woa t  aM  of  tf't  unsound  friabla  <»ataria1t»  majority  o^ 

ft  conta^off  very  read!  l)L» 

i4)  Light  aandblaatlng  «iaa  relatively  ineffective  in  re'f'ovlng  an  necetaary 
aaterlel  • 


(5)  Alfoperated  u1  re-bruahl ng  aquipaant  aaafly  poMara  out  when  presaeo  tightly 
enough  to  the  wall  to  gouge  between  a 'poaeo  aggregate*  It  la  aultabla  for  buffing 
off  drfad  a)gaa#  and  aurfaca  contaelnanta* 

(6)  The  rotary  type  of  hend-heto  end  e1r*operetad  mechanlcei  abradar  rafl*ovra 
unaouno  eatarlala  aat 1  a f ac 1 1  or 1 1 y  If  enough  air  la  available  to  po«ar  it#  and  unci) 
large  aggreoete  la  axpoaad*  It  la  difficult  to  work  over  large  avoragate  placea  to 
affectively  remove  unaound  matarfale  between  thee* 


(7)  Unaound  matarlala  can  pftan  ba  pried#  chipped#  or  picked  off  of  the  aurface 
In  about  the  lower  two*th1rda  of  the  lock  well  uaing  chlaela#  ac rawgr 1 ver a#  ana 
hameera*  Sometlaee  the  eeterlel  cen  be  peeled  off  with  here  hand  and  fingera*  it 
typically  will  fall  off  In  placet  about  t/d  to  1/4  inch  thick  ana  to  IS-tQuare 
Inchea  In  area*  Cxpoaed  large  eggregete  la  left  oehlna*  Aooitlonal  cleaning  bet»ean 
the  eggregete  fa  eoeeCleee  neceeaery* 

7.2  t>i»iiaa,aiiat6C«t*-Cfl*lXaa#. 

7.2.1  l9fli3aJ.ltt-S. 

Th*  (urfac*  of  oonoHth  9  h»i  boon  Coatoo  «<tfi  varfoui  typea  of  $prtr^up  coatinua 
unOar  a  pravloua  contract.  Po'rtfona  of  traaa  coatfnga  nave  Ptcomt  aeparatao  fro*  tn# 
lock  *olt  and  ahalt  ba  raaovad  bafora  tha  n**  coatfne  <a  appMao.  Tha  aurfaca  of 
■onotitb  9  «aa  dfvfdad  (ntd  afa  aauat  aldth  taat  panala.  Tuo  of  tha  panala  uara 
conatructad  of  eonvontlonal  ahotcrata.  Four  of  tho  teat  panala  utra  conttructao  of 
ffbarplaat  rainforcod  ahotcrata  (t«e  ufth  lataa  additive).  It  *av  ba  oifficult  to 
raaeva  tho  loot#  portlena  of  thaaa  coattnga.  tha  aatarlalt  hava  h  |ah>f  I  emra  I 
atrangth  and  toughnaaa.  (van  though  thay  could  bo  totally  dabonoao  In  ao*a  araaa. 
thay  ulll  hold  tightly  to  tha  benoao  mataplal  surrounding  tha*.  all  unbonoeg 
■aatarlal  ahall  ba  raaoyad  and  tha  bonOad  aatarlal  aav  raaain  In  placa^  Attar  rteovtl 
of  tha  unbondsd  costing  arasa#  tha  antira  aurfaca  of  aonollth  9  tnali  bo  clsancd  ana 
eoatad  «rlth  tha  apray*up  aatarlal. 


7.2.2  txi*xlDa-aoe*JtrUB_£a*tAnfl.±*n*I«. 

Tha  salsting  tprsy*up  panala  on  aonollth  9  hay#  baan  cora  drilled  at  locailona. 
Jha  Cora  holaa  ara  i  Inehaa  In  olaaatar  and  0  to  10  Inchaa  In  oeptn  ano  shall  ba 


i»Uh.  th*  aBray.«uB-«LM «riaU 

7.3  C£*AIX*U_£sil*C_££aU£llgO. 


ConcratOf  grout,  and/or  spoxy  aortar  patchaa  covar  the  anoa  of  preatrasslng  rooa 
Installed  In  aonollths  S  and  6,  A  contract  In  197a  repaired  neat  of  the  oaterioratao 
patchaa  by  raaoylng  unsound  aotarlsl  ana  scaling  or  replacing  the*  with  apo.y  *ortar. 
All  unaound  aatarlal  ahall  ba  raaoyad  fro*  oatarlorat Ing  botchaa.  «hcn  the  ra*oval 
of  unaound  aatartal  aacaoda  1  Trich  liiT'tlap'ty  tl7a~ alial  I  ba 'b'CTl'l  i  back  uith  orv  pack. 
ahotcrata.  or  an  apcrrovad  apoay  aortar.  Photoorapha  on  Pr*  aTavThSni — mva — fwi 
patches. 


7.4  i4A*xiaa-e*tauatLXMt. 

A  yolleu  Strip  of  apoay  paint  la  locatao  on  both  onda  of  tha  Intsrlor  fact  of  the 
lock's  south  usil,  Tha  a*foot  ulds  vortical  atrlpoa  satano  froa  tha  too  ol  the 
parapat  uall  to  tsllustsr  IsvsI.  Ihs  portion  of  tho  painted  atrlpa  bale*  th*  lavtl 
of  tha  roadway  dock  ahall  rocolva  surlacs  proparstlon  sa  apaciflao  for  concrete 
surfaesa  and  all  loose  paint  and  paint  bonded  to  unsouno  aatarlal  shall  be  ra*ovaa. 
Paint  which  Is  tightly  bendad  to  sound  aatarlal  aoy  rawaln  In  olsco  ano  tha  apray>up 


*  3 


11.  79DIC18 


EXHIBIT  5 
Item  5 
Page  6  of  12 


coui>ru  *atcriA)  over  tt.  Stripes  t^eM  v  rrpsinted  ••  speclftea 

' per•ur#p^:  HiHLSLt  H  **  1  M  S^HlHtS* 

'.'3  LcJa£LjL2i-L:-L&LiaAaI. 

•'asie  dno  "ssb  toater  IroM  surtece  I  r  epe  r  st  1  ori  •  of  the  lock  wall  shall  os 
co^troMej  to  mtnir.  lie  the  ar^ount  of  material  that  enters  the  lock  chamber,  Ths 
Contractor  ahal)  provide  a  catch  or  trough  at  tha  base  of  tha  sras  ba^ng  cleaned  to 
trap  material  being  removed#  «eate  Meter#  end  eer>d  fro*  sehdb  I  ett  i  ng  operetiona#  The 
trough  shall  extend  out  Into  the  lock  chamber  at  least  t*  feet  from  the  lock  fscs# 
Shell  hsve  St  least  ^  feet  of  freeboard  above  the  top  of  debris  sc c umu I • 1 1  one  In  ft# 
shall  provide  for  drainage  through  a  ecreen  for  any  »eah  veter#  and  ehell  extend  at 
least  6  feet  in  the  upstream  end  downetream  directions  pest  the  eres  being  cleaned# 
Collected  debris  shall  be  disposed  of  at  the  watte  diepoeel  area  Indicated  on  the 
draw  Inga# 


0.  APFLICAIION  Uf  SPf<AY‘-0P  MAlLNIALS, 

B.i  ££xaA£4Xj.aOA* 

The  Surfacca  to  receive  eprayup  coattnge  ehell  be  prepared  as  specified  In 
parsgrsphi  SUKfACt  PHtPAHATlQh,  Tna  prepared  aress  shsH  be  coatart  Mlth  thf 
reduireo  aprayuo  Svetem  within  a  weeke  after  Vte  preparat  I  oVT#  In  addition#  If  the 
prepared  eurface  hae  gone  through  a  lockage  einc#  fine)  waeh  down  after  completion  of 
the  preparation#  it  ahall  be  reweehed  prior  to  the  application#  The  iurfece  ehell  be 
arelneo  end  without  visible  free  Surface  water  at  the  time  the  coetlnga  are  applied# 
A  "eeturated  eurface  dry  condition*  or  drier  le  required#  blowing  with  compressed 
eir  to  facilitate  drying  may  ba  required  to  obtein  this  condition#  The  surfece  to 
receive  the  sprey«up  coating  ihaTl  not  have  been  Inundated  by  water  In  the  lock 
within  0  houre  prior  to  applying  Che  coating. 

The  use  of  fiberglsts  fibers  In  *sprey*up*  ePpMcetlons  Is  relatively  new»  but#  It 
It  an  accepted#  common#  end  etenderd  procedure  in  eom#  pehts  of  the  country#  The 
addition  of  tetei  to  the  procese  It  one  further  refinement#  Teo  eourcts  of 
information  concerning  the  procets  end  Ite  application  eret  (1)  Bud  Holloy# 
Heinforced  Cement  Marketing  Ulvleion#  Uwene  Corning  fiberglees#  FIberoless  Tower  C6* 
Toledo#  Uhie  TelePhonel  (4|9)^<tb*dB32  end  (2)  Ules*Con  lnc»x  General 

Contractors#  9320  James  Aye*  South#  Minneapolis#  Minnssots  SSaAl# 

Telephone:  (6l2)06l«SS87«  Theee  references  have  given  permission  to  list  their  names 
ee  Sources  of  essistence  end  general  information#  Houever#  any  eichenge  of 
information  between  the  Contractor  end  theta  sourcee  le  etrlctly  between  the  two 
pertiea  end  thoula  not  be  construed  to  be  e  pert  of  this  contract# 

B#3  hatching  and  MiKina. 

9#3#1  (iftfl&CAl# 


The  Contractor  ahall  provide  an  on«aite  dependable  betch«type  miilng  plant  eno/or 
volumetric  beCchimg  end  continuous  mixing  plant#  The  equipment  shell  be  capable  of 
*  combining  the  eggregete#  cement#  admixture#  latex#  end  water  Into  e  uniform  mixture  s 
and  of  diecharging  thia  mixture  without  eegregetlon#  Adequate  facilities  shell  be 
provided  for  tne  accurate  reeeurement  end  control  of  each  of  the  meterlale  entering 
the  shotcrete#  The  complete  plant  eeeembly  shell  Include  provlalona  to  feclllteta 


the  inspection  of  ell  operations  at  at)  timet#  The  Contractor  shall  have  aveHeble 


iobSTte  any  required  at 


end  supplies  neceaaery 
sy*up  operations# 


tf#3#2  AeimiMturm. 

An  accurate  ayetem  for  measuring  end  dispensing  the  admixture  shall  be  provided# 
The  eyetem  ehell  Include  e  device  visible  to  the  plant  operator  which  will  detect  end 
indicate  the  presence  or  absence  of  flew  of  the  admixture#  or  there  shall  ba  providad 
a  convenient  means  for  the  plant  operator  to  visually  obsarva  the  edmixture  In  the 
process  of  being  batched  or  discharged#  A  graduated  beaker  or  flaah  may  be  used  to 
mteeurt  end  batch  the  admixture  for  smell  Claes  than  e«cub1c  foot)  batchaa# 
Aomixtura  shall  ba  addad  to  the  mix  elmulteneoualy  with  tha  watar# 
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The  b•tc^t^O  ftno  ir.lBing  plant  tor  a^otcrata  anaM  provloa  ae^araie  Lina  Qf 
*  coivpart^anta  ^or  aOgf'aQata  ana  cancnt*  The  co^part^enta  anaM  La  oi  a'^ple  swe  anj 
ao  conatructao  that  tha  aatarlala  will  be  »a1ntalnao  aeparateO  t^noT  all  wurKing 

conoltlona*  Caff>ant  ahall  Da  walghad  whainar  on  a  aaparate  acale  or  c  u'*  u  1  at  i  ve  I  y  wttr  * 

tha  aggragata  In  a  aeparaia  cof^par  t  mant  attachao  to  the  aggragata  vaightog  howpar. 

If  camant  la  walghad  on  tha  aa<v*a  acala  aa  the  aggragatea#  tna  coff'ent  ahall  oa  welgraa 
firat  ana  all  hoppara  ahall  Da  aapty  and  tha  acala  ahall  De  tn  balanca  tefora  the 
walghing  la  Dagwn,  Camant  pray  Da  Datcheo  r>y  full  caga  aaauming  that  one  Dag  eguala 
94  pounda*  aatar  and  lataa  may  Da  maaaurao  by  «a1ght  or  by  volume.  Latex  myat  Da 
thoroughly  mlsad  pafora  and  during  tha  tima  any  arum  of  It  la  uaad.  If  not  kept 

agitatad  Dy  thorough  Initial  mixing  and  pari  od  1c  atirring  aftarwardar  the  aoMoa 
portion  and  ant  1  *  foam  1 ng  agant  may  aaparata  from  tha  watar  in  tha  rlana.  If  meaturea 
Dy  walght  It  ahall  not  Da  walghad  Cumglatlvaly  with  any  othar  Inyreoient.  The  plant 
ahall  Da  arrangad  to  facilitata  tha  Inapactlon  of  all  oparattona  at  all  ti'^ea. 
Facllltlaa  ahall  Da  providao  for  raaully  obtaining  repre  aent  at  i  va  aeirplea  of 
aggragata  from  each  of  tha  Dina  or  compartmenta.  Delivery  of  n.atariala  from  the 
batching  aoulpmant  ahall  Da  within  tha  following  Hmita  of  accuracy  for  each 

matarl a  I  I 


tUlA£iAl 


Cement 

a 

hater 

4 

Aggregate 

6 

Adml xture 

b 

Latex 

4 

a 

F 1 bera 

7 

8. 

i.v  iiaiuaRici.s_lui£tii.ag-jad-klRiafl. 

If 

voluaa  proportioning  plant  ia  aaployad 

#  oevlcee 

Such  as  counters# 

cal  1 br at  ao 

gate 

opaningtr  and/or  flow  a.tara  ah.ll  oa 

aval leole 

for  controlling  and 

oelfrmlhing 

tha  ouantitica  of  th#  Ingredlantt  diachargad.  In  oparatlon#  tha  antira  maaiuring  eno 
diapanaing  machanlam  auat  produco  tho  apaclfieo  proportlona  of  aach  ingredient.  ail 
Indicating  davlea*  that  baar  on  th#  accuracy  of  proport 1 oni ng  ano  mixing  of  anotcrata 
ahall  Da  In  full  vlaw  and  near  anoggh  to  ba  raad  by  tha  oparator  while  concratt  \a 
oalng  produced.  Th#  operator  ahall  hava  convanlant  accaaa  to  all  controls.  The 
proport 1 oni ng  and  Indicating  davicea  ahall  Da  Individually  checked  by  following  the 
equipment  m anu f ac t u r a r ' a  racommandat 1 ona  aa  ralatad  to  each  individual  ahotcreta 
batching  and  mixing  unit.  Adaouato  standard  voluma  maaaurea^  acalta^  and  weights 
shall  D#  mads  available  for  checking  tha  accuracy  of  tna  propor t i on i ng  machantam. 
tolarancaa  for  volumatrlc  batching  ahall  oa  the  aama  aa  thay  ara  for  weigh  batching. 
Continuoua  miiara  ahall  be  an  auger^typa  mixer  or  any  other  type  aa^tabla  for  mixing 
ahotcreta  of  the  mix  proportlona  given  to  meat  the  reouirad  conalatency  ano 
uniformity  raou 1  reman t a «  tach  batching  or  mixing  unit#  or  Dothr  ahall  carry  in  a 
prominent  place  a  metal  plate  or  plataa  on  which  ara  plainly  marxao  the  grots  volume 
of  the  unit  In  term#  of  mixed  ahotcreta#  olacharga  apaad#  and  the  we i gh f c a  1 i br at ao 
conatant  of  the  machine  In  tarme  of  a  revolution  counter  or  other  output  indicator. 
Th#  iilxar  ahall  product  e  thoroughly  mixed  and  uniform  ahotcrate.  lha  batcher*m>  lar 
unit  ahall  contain  In  aaparata  compartmanta  all  tha  nacaaaary  ingredients  needed  for 
the  manufacture  of  the  ehotcrate.  Tha  unit  ahall  be  eauippeo  with  calibrateo 
propor 1 1 0n  1 ng  davicei  to  very  the  mix  proportlona. 

Fibare  of  different  typee  have  bean  euccaaefully  adoao  to  ahotcreta  by  a  number  of 
dtff.r.nt  (cchntqu...  Th.  Cov.rn..nt  h*.  had  .ap.rl.nc.  in  the.,  proccour..,  1 h. 
actual  procedure  uaad  ahall  b.  dataratnao  by  tha  Contractor  .no  ahall  ha  hi. 
rapon.  1  bl  I  i  t  y  .  The  orocadura  uaao  ahall  ba  eat  i  af  ac  t  or  i  I  y  uarion.  t  r .  t  ao  in  the  ilalo 

DMlarm  appmual  «nn  pi-na.irtinn  nparatinna  i. _ or.nt.d.  Ttbara  for  the  tpray-up 

procaaa  hava  bean  euccaaefully  added  at  th.  no.ila  by  chopping  the*  froir  a  real  of 
continuoua  atrand  while  a  1 au 1 1 anaou I y  aprayin.  th.  aortar.  Proceourea  for  fiber 
addition  at  tha  noiila  ahall  ba  auch  that  tha  floara  ara  uniforaly  dittributao 
throughout  tha  aortar  aatrl.  without  laolatau  concent  rat f ona  or  holloaya.  If  th. 
Contractor  propoaas  to  add  th.  fib.ra  to  a  dry  or  wet  at.  durfng  the  batching  ano 
ailing  or  dallvary  proca.f>  tha  Contractor  auat  davlaa  aoulpaant  and  tacnniauaa  that 
will  prevent  any  fiber  cluapa  froa  entering  the  line,  ana  auat  prevent  th.  mdlvioual 
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f^o*  ftbert  th^ll  not  &e  •006d  to 
4i''y  jry  or  «et  n't!  *t  •  ^'te  f*kt«r  t»^*n  tnoy  C«n  Dt  ulengeo  th«  otnor 
'  n'^  r  e  o  ’  e '' I  •  wM^out  l«Mt  or  C*w*’p##  buJ*  f<l-*ri  th»l  hOvO  •  lonooncy  to 
l-njle  tojeiner  8n*1l  p«88  thrcww»>  •  ot*iriDotor  or  t*  c^refuMy  ilftoo  Into  th«  t*  1  « 
So  tn«l  iney  enl«r  m  «■  inoiwtOw*)  onO  not  *•  clu*>pOa  DffMcuItfet  h»vO 
tten  encouf^lered  in  t^'e  p«*1  -hen  •tt^••■^it1nQ  to  •dd  t<t>erol*i*  f^Cieri  into  a 
conventional  snotcrete  proceea* 

6  c  c  w'l'u  I  a  I  1  0  n  $  of  iij'Tpa  ana  hardeneo  •"aterlala  <n  tbe  rniiing  and  cJaMwary  eduipfrant 
xill  not  ue  Perniitteu.  After  co^npiatico  of  noising#  tna  r>1x  ahai)  be  fT’Otarao  into  a 
oelivery  nose  eno  conveveo  Py  co'npreaaeo  air  or  a  punto  to  t^a  noi2te»  fha  co"'preaaor 
or  punp  anal)  capat>la  of  proviotng  Sufftciant  noiiia  va)oc>ty  for  adaouata 
c  o^v-.  ac  t  1 0  n  of  tne  ahotcreta  at  all  elevatlona  of  oparation  that  may  t>a  reouirad, 
■'hen  necaaaary  a  blo"*by  pipa  anall  Oe  providad  for  cleaning  the  aurfaca  and  cleaning 
a»ay  rebOuno. 

b,i.7 

A  c  c  u'T  o  I  a  t  1  on  a  of  nardenea  matariala  tn  tha  filing  and  delivery  eauipment  *111  not 
ue  permitted,  Ine  moiature  content  of  the  aand  ahell  be  auch  that  clumping  of  tha 
”ory*  niK  does  not  occur  ana  ao  that  the  mix  Mil)  floM  through  the  delivery  hoae  at  a 
uniform  rate  *>ithoot  aluga.  Dry-mix  delivery  eouipment  ahall  be  of  deaign  ana  aiie 
•»hich  naa  given  good  reaulta  in  aimilar  -ork.  It  shall  be  cepeble  of  delivering  tha 
prenijao  materials  accurately/  uniformly  ana  continuously  through  th#  dailvary  hot# 
at  a  valocity  of  100  to  auO  fast  pen  second*  The  diacharga  nottia  shall  ba  aquippad 
with  a  manually  opanated  watar  injaction  ayate«  («etar  ring)  for  diracting  an  evan 
distribution  of  water  through  the  delivered  mixture*  The  water  noxtia  shall  ba 
capabla  of  reeoy  edjuatment,  Tha  air  cpxpraaaor  shell  be  capable  of  maintaining  a 
supply  of  clean/  ary  air  aoequata  for  maintaining  sufficient  noxxle  velocity  for  all 
parts  of  Che  work  end  for  the  aimultaneout  operation  of  a  blow  pip#  for  claaning  SwSy 
rebound.  Application  of  fiberglass  reinforced  ehotcrete  through  the  dry  mis  proceee 
net/  at  oeet#  had  marginal  aucceet  m  the  patt*  Use  of  latas  in  the  mis  further 
complicates  the  problem.  It  could  be  handled  through  a  separata  *water*  ring  at  the 
noxxte,  C/espite  past  diffieultiea  with  this  method  of  application  for  glaaa*fiber 
mixeS/  it  can  ue  much  faatar  ana  more  economical  then  the  apreywup  method. 
Therefore#  if  the  Contractor  cen  eotouetely  demonatrete  •  special  dry«mis  delivery 
method  that  can  evenly  mix  end  apply  the  apecified  coating  formulation  and  obtain  the 
same  Quatity  resultc  at  the  etenoard  method  of  application  the  Contracting  Officer 
will  approve  its  use* 


‘f,  appl  iCA  I  lun. 


v«i,i 


Ihe  eprey-up  coating  ehell  be  placed  only  by  operetore  ekilled  in  thfe  type  of 
work  using  the  eeme  kind  of  eauipment  to  be  used  by  the  Contractor,  Lech  foremen 
Shell  have  had  at  least  2  veere  experience  at  a  ehotcrete  nonlemen.  At  leear  two  af 
t  he  non  l^men  ehell  have  Verveo  at  1  east  b  moot  he  eppfent  i  c  t  efi  iP  on  eieiler 
appriceTions  with  the  a_eme  type  of  eouipmwnt  to  be  uaefl.  All  other  noxxlemen  ehaU 
have  hao  at  least  i  weeks  of  *henae«on*  training  end  shell  have  aemonatreted  a  skill 
in  application.  At  leaat  b  deva  prior  to  cpnglcuction  _pf  telt  PJn^le  tbe  _ Coni cec tog 
Bji  all  aupmit  written  doc  ument  a  t  i  on  indicetJnQ_  where  end  when  _tjch_npnl  amen  end 


foreman  opteineo  hie  asperience  end  treining  in 

■ur«y-uP  co«tinu  »p,c<f\«Q  h«r«>nj 


»pply1no  co«t<nB»  to  th» 


2B£U=UB.l&*l-£«aaX*< 

t«(jh  «Dr«y-uD  ulaclno  cr«w  ih«ll  d«,onttr,t,  thitr  oblHty  to  porforo 
■  •t I  * '(Ctor I  I  y  and  to  apply  coating,  of  tna  raquIraO  quality  by  placaaant  ot  taat 
panala,  I  ha  teat  panala  mIII  ba  avaluataO  by  tba  Cpvarnnant  on  tha  baala  of  ralatlva 
atrangth,  thichnaaa,  fiber  a  1  a t r 1  but  1  on,  ate.  On#  aattafactory  taat  panel  ahot  In  a 
uartical  nnaitinn  ahall  ba  tha  alnlaua  QuaHffcat.ron  t.»»t  for  each  crOw  before  It 
^araittao  to  apply  aprav-uD  eoatinpa  fn  paraanant  conat rue 1 1  on ,  I  ha  taat  panel 
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p)«ceiit«n(  •  p)y*>ood  turf^c#  •(  fret  fn  »re« 
provfdtO  by  the  Contrector,  AH  t^et  penele  thell  oe  *eoA  «n  th«  pretence  the 
Cof^trectlng  UffIcer'A  Heprrtentetlve* 


9.2  2tUll£.£CLB_iBBXi.LatjLaO> 

9,2.1  btCATAi . 

The  eprey-up  coating  shell  be  applied  by  holding  the  neyile  at  awch  a  oiatance  ana 
position  that  the  stream  oT  flow  material  shall  Implnue  as  nearly  aa  preaiota  at 
eight  angles  to  the  surface  being  covered  to  produce  s  spresoing  elfecl  over  s  tnsll 

araav  The  velocity  of  discharge  free  the  noisier  the  aiatanca  of  me  noitle  Iron  the 

facer  and  the  seount  of  ustar  used  shall  be  regulated  to  produce  a  oenas  coating, 
without  sloughing.  The  work  olstfomi  froe  which  the  crew  to  applying  the  coating 
shall  be  wide  anough  to  allow  the  noitle  to  be  held  the  proper  distance  fro*  the  lock 
well.  Heboundlng  siaterlel  shell  be  renoved  fro*  tn*  wore  area  and  disposed  of  at  tna 

waste  olaposal  area.  The  costing  shall  hs»e  s  atnlwg*  thickness  of _ 1/8  inch  «eatureo 

fro*  ths lock  wall  surface  sklstlng  after  sur/ace  preparation.  The  Contractor  s  h  a  I  I 

provide  a  nethod  of  positively  <fe«bnst  rslTrigTir*T*lfr*~“r»TTU  vrSTi  thickness  has  been 

obtained  and  ths  thickness  shall  be  continually  checked  during  application  of  ths 
coating.  Une  nethod  of  doing  this  Is  through  the  use  of  prooes  stabbed  into  ths  *is 
1n*ed1ate|y  after  application.  The  Governeent  reserves  the  right  to  saw  or  core 
randon  areas  fro*  In-place  shotcrate  for  testing  end  to  verify  the  requlrao 

thickness.  An  additional _ i/e»1nch  thickness  of  Spot  c  ret  i  ng_wjj^l_  pe  redu  I  r^d»  _*t_  no^ 

eoat  to  th*  Government,  for  srass  found  tP  isck  the  reQuire~o  sTlTiIwun  thickness.."' 

The  fiberglass  fiber  reinforced  spray-up  eetsrial  shell  be  applied  in  layers  in 
order  to  obtain  the  required  thickness,  the  first  layer  -111  oe  s  thin  «ortar  coat 
epplled  without  fibers  and  pressed  Into  the  well  surface  where  necessary  to  insure 
CO*p1at*  contact  with  the  esiating  concrete  surface.  Tne  fiber  reinforced  surav-uo 
coatlno  Shall  then  be  applled'in  at  least  four  succesalve  layars.  tach  layer  snail 
be  rolled  with  a  device'  s1*1lar  to  a  serrated  pemt  rol  ler  having  a  hard  surface  in 
order  to  danaify  and  s*ooth  the  surface,  tech  succesalve  layer  shall  be  applied 
before  th*  enplratlon  of  the  *1*  set  t1**.  All  eostino  soollcstlon  work  shall 
progress  downward  frojL-tt><— tpp  of  thIL  ln<li.jsell»_l.n  pp-dej-.to-bJLPXPUe.asqaosL — ua — ui*. 
n*  wldr— epiUJ  ed  ..c  o  *  t  i/igaw 

9.3  t,tft  JotOtJI. 

Th*  Contractor  **y  fill  th*  chaofers  at  th*  esisting  horlsontsl  construction  lift 
Joints  with  an  approved  wethod  such  as  dry  pack  so  tnet  the  joints  srs  flush  aim  tns 
lock  wall  surface  before  applying  th*  surface  coating.  Jt  will  oe  scceptsM*  to 
leave  th*  chanfered  lift  Joints  as  Is.  without  filling  the*,  end  only  cover  the  lift 
Joints  with  th*  required  thickness  costing  as  long  as  an  scceptsole  quality  of 
application  can  be  achieved. 

9.4  tfasaliXU-UfliiiU . 

The  apray-up  coating  shall  be  discontinuous  across  each  vertical  eonolltn  joint  oy 
using  *  sheetaetal  or  thin  plywood  baffle  or  other  approved  *ethoa  to  -slntain 
esisting  Joint  widths.  The  Contractor  shell  suowlt  for  soprovel  his  intended  rethpd 
of  Jointing  at  the  »onoltth  Joints. 


10.  CURINS  AND  PROTECTlUN. 

10.1  Curing. 

All  enpllrettnn  of  ahotcreie  shell  be  .scheduled  and  enat.l.t.rt  .n  i  h.t  .wrn  -r..  nf 
eoonleted  ***1 1  cat  ton.  1  s  not,  subjected  to  aolsture  w1th1n_3t.  hours  sf  t  *r__jjpp  1 1  ge  1 1  on , 
Curing  shall  be  scceapi I  shed  by  leaving  th*  cewpleted  costings  saposeo  to  the  sir  ana 
keeping  cpatlnp*  dry  fro*  all  ferns  of  nelsturs.  Including  rain,  a*  required  by 
protecting  with  an  approved  cover  throughout  th*  entire  cur*  period. 
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Loateo  »urtaCe»  traH  le  irotectcd  ftt  *11  t1«««  ffO«  O«m«oe  of  k * nO  Ou«  tO  t^t 
to'  ir»cior*t  acitv^l<ci  throoiihout  Xht  Ov<r«tion  of  tMt  Contr«ct«  7^#  Contractor 
m\\\  net  D«  rctMO')t)D)o  for  orty  oOA.«goo  cootlngt  coutod  by  boot  trofffer  ot^Or  t^on 

\  9  OaDf  Mhen  (he  lock  te  in  service* 


U.  NLK'UALL  KAIhT  SIHi^lS* 

U.l  UCOtX^Ji* 

fhe  O-fQot  aide  ye))ot»  ^eint  etripet  «hfch  were  covered  n  1 1  h  epreygp  coetlng 
'Tateriel  enei)  be  repeinteo  in  their  orltfine)  locettons*  Strlptt  eholl  be  pointed 
with  two  coete  of  pelnt  from  th#  (op  of  the  perepet  well  to  tellweter  level  et 
e)evet?on  440, U, 

n  ,  ^  IUlIll-:idl£Cj.Al  • 

Peint  Shell  oe  t  wo*c  omponent  epox  y  ^po  I  yeel  de  pemt  cepeble  of  eecono  coet 
a^'Plicetion  within  4  hourt  of  firet  coet  eppMcetlon,  Phyefee)  end  chemicel 
properties  of  Peint  shell  rcmeln  uneffected  when  toteMy  lemereed  fn  weter  46  houre 
after  application.  Color  shell  be  yellow  No*  130SS  conforming  to  the  lieteo  chip  of 
Fed,  ^to*  bS!>e#  ^Colors,”  Peint  evetleble  es  en  *of  f  *t  he*shs  1  f  *  item  meeting  the 
above  reduiremcnts  is  svstiaole  from  Nodde  Paint  Co*#  o9S2  6*e,  Psceoem#  Portland# 
Un  S7^l9»  telephone:  < S 0 3 } 244* 7S 1 2 #  Hr,  Toe  Breden#  trsoe  named  *kopon  Epoxy#* 
menu  f  ac  t  ur  e  r ‘'s  color  No*  22949  *$efety  Tallow**  Psint  propoeed  for  uee  other  then 
*Kopon  tpoxy*  iheM  be  accompanied  with  •  elgneo  certificate  from  the  Peint 
manufacturer  indicating  that  the  peint  proposed  for  use  meets  sH  the  sbovs  specified 
rcQuiremente  and  that  it  ie  e  premium  greoe  of  point* 

M#3  :LU£iAXfi.£x£fiA£6l.iA0« 

a.1  n  t _ sn  a  1  I  not  be  applied  to  sprayup,  c  get  Ing  meter  j  a  |  prlOf  to  the  end  of  ,^he 

specifieo  iQwhour  cure  perioo*  Surfecee  to  receive  peint  ehell  be  dry  and  free  from 
Oil#  gresse#  dirt#  dust#  end  other  conteminente*  Cxfeting  ePoxy  peint  on  the  parapet 
well  which  IS  loose  or  fishing  shell  be  removed*  Pemeining  surfaces  of  eiisting 
psint  shell  be  cleaned  as  recommended  by  the  paint  manuf ecturar# 

U.4  iuauJLJxaxxAa* 

f'rior  to  use  pemt  enell  be  etoreo  wnoer  cover  at  a  tamparatura  of  at  least 
7u  degreee  f,  mnere  thinning  it  reduired  to  obtain  optimum  application  rasultty  tha 
recommenoet i one  of  the  peint  menufecturer  ae  to  type  end  amount  of  thinner  shall  ba 
followed*  Hsmt  shell  be  mixed  in  eccoroence  with  the  menuf  ecHurer's  i  net  ruc  t  i  one* 
teen  coat  shall  be  applied  et  e  coverage  rate  not  to  exceed  500*SQuere  feet  per 
ueMor.  Ihe  second  cost  of  psint  shell  be  applied  within  a  houre  after  ePPMcetion 
of  me  first  cost*  Psint  shell  be  applied  by  epray#  brush#  or  roller.  Areas  to 
receive  pemt  shell  be  meshed  or  other  meeeur«e  setiefectory  to  the  Contracting 
ufficer'a  keorcsentet 1 ve  shell  be  tehen  in  order  to  protect  adjacent  surfecee  from 
overepray  end  elobbera  end  to  produce  etripse  of  uniform  width  with  straight  vertical 
lints.  Psint  spplicstors  end  handlers  shell  wear  reepiretore#  rubber  gloves#  ano 
protective  clothing. 


12*  UUALITT  CONIKUL* 

in  accordance  with  the  SPCCiAt  PROVibiUftS#  th«  Contractor  shell  inspect  for 
compHence  with  contract  rsQuiremente  including  but  not  limited  to  ehetcrete  betehing 
redu I rement e#  mix  proportione*  end  coneietency  et  the  Jobeite#  piecing#  curing#  end 
all  other  teats  end  inspections  apacifiad  or  raquirad*  Prior  to  aach  placamant  of 
eprsy-up  coating  the  Contrector'e  Quality  Control  Pepreeentetl va  shall  cartify  in 
writing  or  by  an  approvad  chach«out  form  that  aurfaca  praparation  ie  In  aeeordanca 
with  tha  plane  end  epee i f icet i one,  Ae  e  minlrnuay  tha  Contractor  shall  be  rtQuIrad  to 
perform  the  followingi 

(i)  A  minimum  of  two  eend  gradation  end  one  send  moisture  content  test  per  shift* 
A  recheck  eempis  shell  be  teeteo  on  any  teat  not  conforming  to  epad f icat ion 
rsQu 1 remsnt  e  * 
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(^J  hIk  proportfont  InctudfnQ  •d*»f>tures,  liLtrt,  1«te«  «nO  -aifr, 

(3)  ^•aaor«  •\r  content  of  pt^atlc  after  \i  h«»  peert  %i  rayeJ  iro^  X^t  roiti^, 

T«*o  tin'**  p«r  <*«onoMth  «fM  be  required, 

(4)  Hecord  flbrrgleai  fiber  length. 

(5)  Conduct  floM  end  ««orkeb1l1ty  teete  in  eccordence  witn  the  r^cof.ir.^n^^t  y  of 
the  tuppMer  of  the  ffbtre.  Teo  per  /PonpMth  i>1)1  t>e  required. 

(6)  Heeaure  or  eccuretely  eetifnete  end  record  the  4>T>ount  of  repounj  for  each 
oey'e  plecenent  (In  percent)* 

(7)  Record  end  check  proportlone  et  leeet  once  per  ihift  for  Meign  tatcning 

end  ee  recor<*iended  by  ASTh  C  to6$  for  volumetric  batching  eno  cortiououa  i^iiing 
pi ent  e  • 

(6)  Necord  ambient  tempereturee  two  (^)  timet  per  shift  at  4-hour  Intervals. 

(9J  Cast  thotcret#  3/fl*fnch  *  ^i*-fnch  m  ?4»inch  specimens  in  Con  t  rac  t  or  -  f  u  rn  <  shea 
molds*  Two  per  monolith  will  be  required* 

(10)  Determine  fine!  depth  of  the  sprey*up  coating  jurfng  application. 

The  Contractor  ehell  employ  peraonnel  Qualified  to  mane  raquireo  tests  for  Quality 
control  end  shell  report  ell  test  rcSulte  on  forme  furnlahco  by  the  (.overnment.  a 
copy  of  records  snd  tests#  st  we})  as  the  records  of  corrective  action  taken,  shaM 
be  furnlehed  at  hereinbefore  specified* 
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EXHIBIT  6 


REPORT  OF  TESTS  ON  FIELD-CAST  FIBERGLASS-REINFORCED 
LATEX  SPRAY-UP  PANELS 

Description 

Letter  Report  from  Division  Laboratory 
Tabulated  Laboratory  Test  Results 
Load  Deflection  Graphs  of  Flexural  Tests 


I 


Item 

1 

2 

3 
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ADDRl  SS  HI  PL  Y  TO 
DIHt  C  1  OK 

NOT  TO  INDIVIDUAL  S 


U  S  ARMY  ENGINEER  DIVISION.  NORTH  PACIFIC 
CORPS  OF  ENGINEERS 

NORTH  PACIFIC  DIVISION  MATERIALS  LABORATORY 
RT  2.  Box  I2A 

TROUTDALC  OREGON  97060 


fiPuEN-GS-L  (80-C-710)  22  September  1980 

SUBJECT:  Lower  Monumental  Navigation  Lock,  Report  of  Tests  on  Field 
Cast  Fiberglass  Reinforced  Latex  Spray-up  Panels 


District  Engineer,  Walla  Walla 
ATTN:  NPWEN-FM 


1.  Please  reference: 

a.  Your  DA  Form  2544  Order  No.  E85800097  dated  17  July  1980 

b.  NPD  Form  300  dated  15  April  1980  covering  transmittal  of 
fifty-one  nominal  1/2"  to  3/4"  x  24"  x  24"  fiberglass  reinforced  latex 
shotcrete  panels  (rec'd  4/15/80). 

c.  Telecon  15  Aug  80  to  your  Mr.  Schrader,  NPV<EN-FM  wherein 
preliminary  results  were  reported. 

2.  Attached  confirming  telephoned  information  is  report  of  flexural 
strength,  center  point  deflection,  tensile  strength,  and  freeze-thaw 
durability  tests  made  on  the  above  panels.  Included  are: 

a.  Incl  1,  Report  of  Tests  on  Fiber  Reinforced  Latex  Spray-Dp 
Panels. 

b.  Incl  2,  Graphical  Report  of  Typical  Deflection  Curves  for 
three  Latex  Spray-Up  Panels. 

3.  The  fifty-one  24  x  24  inch  fiberglass  reinforced  panels  were 
numbered  at  random  when  received.  Panels  ranged  from  0.30  to  0.88 
inches  in  thickness  with  one  formed  and  one  rough  "as  sprayed"  face. 
Due  to  the  time  and  cost  required  for  milling  the  sprayed  face  to  a 
plane  surface,  the  panels  were  tested  as  received.  Thickness  was 
measured  from  the  formed  to  the  estimated  effective  cross  section  of 
the  sprayed  face. 
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NPDEN-GS-L  (8O-C-71O)  22  September  198O 

SUBJECT:  Lower  Monumental  Navigation  Lock,  Report  of  Tests  on  Field 
Cast  Fiberglass  Reinforced  Latex  Spray-up  Panels 

4.  One  nominal  2.4  x  12  inch  test  piece  was  sawn  from  each  panel  for 
flexural  strength  and  center  point  deflection  tests.  Additional  test 
pieces  were  sawn  from  nine  panels  for  duplicate  tests.  Flexural 
strength  was  determined  by  third  point  loading,  simple  span  =  10.0 
inches.  A  total  of  twenty-nine  panels  were  tested  with  the  formed 
face  in  tension  and  thirty-one  with  the  sprayed  face  in  tension. 
Deflection  was  measured  at  the  center  point.  Freeze-thaw  and  tensile 
strength  tests  were  made  on  six  each  nominal  2.4  x  6  inch  test 
specimens  from  panels  Nos.  4,  8,  12,  I6,  20,  24,  26,  32,  36,  40,  44, 
and  48.  Freeze-thaw  specimens  were  soaked  48  hours  prior  to  test. 
Tensile  test  specimens  were  loaded  in  direct  tension  by  use  of  chain 
coupled  clamps.  Tensile  strength  ranged  from  720  to  13OO  psi,  with  an 
average  strength  of  950  psi.  The  freeze-thaw  test  specimens  had  an 
average  weight  gain  of  0.5  percent  at  300  cycles.  It  is  believed  the 
weight  gain  was  due  to  additional  water  absorbed  during  over  the  25 
days  of  test.  Apparently  this  weight  gain  was  greater  than  the  slight 
loss  due  to  the  freezing-thawing  erosion. 

5.  Average  flexural  strength  of  the  specimens  tested  with  the  formed 
and  "as  sprayed;  faces  in  tension  was  2250  and  3500  psi.  respectively. 
Results  of  duplicate  tests  made  on  specimens  from  nine  panels 
confirmed  flexural  strength  was  effected  by  orientation  of  the  panel. 
Average  flexural  strength  for  the  nine  sets  of  test  pieces,  from  the 
same  panels,  with  the  formed  faces  in  tension  was  1890  psi  versus  3360 
psi  with  the  "sprayed"  face  in  tension.  In  eight  of  the  nine  test 
sets  the  sprayed  face  had  a  significently  higher  flexural  strcnirth 
with  one  set  approximately  equal.  Detailed  results  are  shown  in 
Inclosure  No.  1.  Additional  tests  were  made  on  pieces  sawn  from  three 
panels  to  (1)  determine  the  reliability  of  the  test  equipment  and 
method  and,  (2)  to  determine  the  consistency  of  the  panels.  Results 
were  as  follows: 


Panel  Flexural  Strength,  psi 


_£!_ 

AyiL. 

6 

1800 

2140 

1970 

15 

3400 

3530 

171c 

2880 

34 

2360 

2660 

2580 

2530 

Results  indicate  the  panels  are  generally  consistant  in  quality  and 
the  test  results  are  reproducible.  The  reason  for  the  difference  in 
flexural  strength  due  to  the  orientation  of  the  sprayed  and  formed 
faces  is  not  definitely  known.  The  sprayed  faces  were  quite  rough 
with  a  surface  relief  of  approximately  1/4-inch,  A  combination  of 
fiber  orientation  and  localized  crushing  under  the  loading  head  and 
supports  may  have  been  a  contributing  factor. 
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NPDEN-GS-L  (8O-C-7IO)  22  September  1980 

SUBJECT:  Lower  Monumental  Navigation  Lock,  Report  of  Tests  on  Field 
Cast  Fiberglass  Reinforced  Latex  Spray-up  Panels 

6.  Analysis  of  the  deflection  data  indicates  the  flexural  beams  had 
little  residual  strength  capacity  after  the  ultimate  strength  was 
obtained.  Deflection  readings  were  difficult  to  obtain  once  the 
ultimate  strength  was  reached  as  the  beam  load  capacity  generally  fell 
rapidly  to  near  zero  or  the  beam  failed  completely.  The  deflection 
curves  shown  in  Inclosure  2  are  typical  of  the  flexural  beams  tested. 

8.  This  completes  all  work  requested 


Incl  (dupe) 
as 


:0RGE 
Director 
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M’lJI  N-(.s-l.  vhl»-(  -/  lO) 


LOWER  NONUKENIAI. 

Report  of  on  Fiber  Reinforced 

S|>rav-U|>  r.iiieln 
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LOWER  SNAKE  RIVER  PROJECT 


PLATE  I 


— -  Lent  Sacot9»*o  et  440 


general  plan 


US.  ARMY 


PLATE  2 


APPLYING  ONE  OF  THE  TRIAL  SURFACE  COATINGS  TO 
MONOLITH  9  FROM  A  FLOATING  PLATFORM. 


APPLICATION  OF  ONE  OF  THE  10  FOOT 
WIDE  TRIAL  COATINGS  FROM  A 
CROWDED  HANGING  SCAFFOLD. 


APPLICATION  OF  THE  SPRAY-UP  MORTAR  AND  FIBER» 
FIBERS  FROM  THE  "NOZZLE"  AND  "CUTTER  HEAD”  Dl 
THE  TRIAL  COATING  OPERATION.  ROLLING  OF  THE  O 
IS  BEING  DONE  IMMEDIATELY  BEHIND  THE  SPRAY 
APPLICATION. 


TWO  TYPICAL  CORES  TAKEN  FROM  THE  LOCK  WAll 
THROUGH  THE  TRIAL  COATING.  THE  CORE  ON  THE 
SHOWS  EXCELLENT  BOND  OF  THE  COATING  TO  THI 
CONCRETE.  THE  CORE  ON  THE  RIGHT  FAILED  AT  TH 
INTERFACE  ALONG  UNSOUND  MATERIALS  NOT  PRC 
CLEANED  FROM  THE  SURFACE  BEFORE  APPLICATIOt 
THE  COATING. 


PHC 


/ 


A  HIGH  PRESSURE  WATER  Jl 
6500  PSI  FLAKES  OFF  THE  O 


TRIAL  SURFACE  CLEARING  WAS  DONE  PRIOR  TO 
PREPARATION  OF  BIDDING  DOCUMENTS  TO  CONFIRM 
WHAT  DEGREE  OF  CLEARING  WAS  NECESSARY  AND 
COULD  PRACTICALLY  BE  ACCOMPLISHED  WITH  VARIOUS 
PIECES  OF  EQUIPMENT  IN  THE  FIELD. 


NOT  ALREADY  SCALED  AWAY. 


PHOTOGRAPHS  OF  SURFA 


A  HIGH  PRESSURE  WATER  JET  OPERATING  HERE  AT  ABOUT 
6500  PSI  FLAKES  OFF  THE  OUTER  LAYER  OF  UNSOUND  MORTAR. 


)F  SURFACE  MORTAR  WOULD  FLAKE  OFF  WHERE  IT  HAD 


I 


lOTOGRAPHS  OF  SURFACE  CLEANING  TECHNIQUES 

PLATE  5 


/ 


I 


WORKING  FROM  BARGES  TO  APPLY  THE  LOCK  WALL 
COATING  NEAR  THE  UPPER  LIFTS. 


APPLYING  THE  MORTAR  SIMULTANEOUSLY  WITH  THE 
FIBERGLASS  FIBERS  IN  AN  AREA  OF  MINIMAL  SCALING 
NEAR  THE  TOP  OF  THE  LOCK. 


LOCK  WALL  ABOUT  75%  COATED 
WITH  THE  WORK  BARGES. 


ONE  OF  THE  FOUR  SPRAY-UP  UNITS 
FROM  THE  MIXER  IN  THE  TUB  AND 
PUMP.  IT  IS  PUMPED  THROUGH  THI 
WHERE  IT  IS  ATOMIZED  AND  SPRA1 
SIMULTANEOUSLY  CUTTING  THE  FIB 
OVERHEAD  STRAND  AND  BLOWIN( 


PHOTOGRAPHS  OF  CONTRACT  RE 


ii 


11  '4 


ONE  OF  THE  FOUR  SPRAY-UP  UNITS.  MORTAR  IS  BROUGHT 
FROM  THE  MIXER  IN  THE  TUB  AND  DUMPED  INTO  THE  GROUT 
PUMP.  IT  IS  PUMPED  THROUGH  THE  HOSE  TO  THE  NOZZLE 
WHERE  IT  IS  ATOMIZED  AND  SPRAYED  ONTO  THE  WALL  WHILE 
SIMULTANEOUSLY  CUTTING  THE  FIBERS  FROM  A  CONTINUOUS 
OVERHEAD  STRAND  AND  BLOWING  THEM  ONTO  THE  WALL. 


OGRAPHS  OF  CONTRACT  REPAIR  OPERATIONS  (I) 

PLATE  6 


HIGH  SHEAR  MORTAR  MIXER.  THE  GROUT  PUMP  TO  THE 

RIGHT  HAS  THE  CONTROLS  COVERED  WITH  POLYETHYLENE 

SHEET.  CEMENT  IS  STOCKPILED  IN  BACK. 

TIMING  THE  MU 
MORTAR  MIXER 

•/ryyii'- 

r. 


■C  iWr  ^ 

WALL  SURFACE  AFTER  ACCEPTABLE  SURFACE  PREPARATION 
IN  THE  LOWER  LIFTS. 


,  sj- 


.<1 


MORTAR  MIXI 


PHOTOGRAPHS  OF  CON 


MORTAR  MIXER  AND  PUMP  CONTROL  BOARD. 


PHOTOGRAPHS  OF  CONTRACT  REPAIR  OPERATIONS  (0) 

PLATE  7 


/ 


APPEARANCE  OF  THE  NORTH  LOCK  WALL  AFTER  ABOUT  - 

6  MONTHS  OF  SERVICE.  CONDITION  OF  THE 


IMPACT  MARKS  W 
COATING. 


APPEARANCE  OF  THE  WALL  COATING  IN  THE  UPPER  LIFTS 
WHICH  HAD  MINIMAL  DETERIORATION. 


APPEARANCE  OF 
COVERS  VERY  RC 
CONCRETE  SIMILA 


PHOTOGRAPHS  OF  CONT 


CONDITION  OF  THE  LOCK  WALL  SHOWING  RUB  AND 
IMPACT  MARKS  WHERE  BARGES  HAVE  HIT  THE  WALL 
COATING. 


Vi.'-' 
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V  '  •  ■',  '  .:'^‘-^S'*^“  - 

APPEARANCE  OF  THE  COATING  TO  THE  LEFT  WHERE  IT 
COVERS  VERY  ROUGH  AND  SEVERELY  DETERIORATED 
CONCRETE  SIMILAR  TO  THAT  VISIBLE  TO  THE  RIGHT. 


OTOGRAPHS  OF  CONTRACT  REPAIR  OPERATIONS  (ID) 


PLATE  8 


In  accordance  with  letter  from  DAUN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a  facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 


Schrader,  Ernest  K. 

Deterioration  and  repair  of  concrete  in  the  Lower 
Monumental  Navigation  Lock  Wall  :  final  report  /  by 
Ernest  K.  Schrader  (U.S.  Army  Engineer  District,  Walla 
Walla).  —  Vicksburg,  Miss.  :  U.S.  Army  Engineer 
Waterways  Experiment  Station  ;  Springfield,  Va.  : 
available  from  NTIS,  [198I]. 

113  p.  in  various  pagings,  8  leaves  of  plates  {some 
folded)  :  ill.  ;  27  cm.  —  (Miscellaneous  paper  /  U.S. 
Army  Engineer  Waterways  Experiment  Station  ;  SL-81-9) 

Cover  title. 

"June  1981." 

"Prepared  for  Office,  Chief  of  Engineers,  U.S.  Army 
under  CWIS  31553." 

"Monitored  by  Structures  Laboratory,  U.S.  Army 
Engineer  Waterways  Experiment  Station." 

1.  Concrete  dams.  2.  Locks  (Hydraulic  engineering). 

3.  Lower  Monumental  Lock  and  Dam  (Wash.)  h.  Navigation. 


Schrader,  Ernest  K. 

Deterioration  and  repair  of  concrete  in  the  Lower  :  ...  I981 

(Card  2) 

I.  United  States.  Army.  Corps  of  Engineers.  Office  of 
the  Chief  of  Engineers.  II.  United  States.  Army.  Corps 
of  Engineers.  Walla  Walla  District.  III.  U.S.  Army 
Engineer  Waterways  Experiment  Station.  Structures 
Laboratory.  IV.  Title  V.  Series;  Miscellaneous  paper 
(U.S.  Army  Engineer  Waterways  Experiment  Station)  ;  SL-81-9. 
TA7.W3>tm  no.  SL-81-9 


